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NEW LONDON CENTRE 


We have increased our customer services by join- 
ing other hospital equipment manufacturers in 
setting up a permanent display centre in the heart 
of London. 





The British Hospital Equipment Display Centre 
opened its doors in October. It is already attract- 
ing a large number of visitors from home and 
abroad who can see a wide range of apparatus in 
comfortable modern surroundings. 


The Centre is easy to reach at 22 Newman Street, 
W.1 (just off Oxford Street). May we have the 
pleasure of your company in the near future ? Just 
telephone us and fix a date 


TODD RESEARCH LTD 


ROBJOHNS ROAD 


J" CHELMSFORD CM1 3DP 
TEL. (0245) 62233/7 TELEX 99327 


Central Press Ltd 








A A general view of our stand 

Y Dr. David Owen, M.P., Minister of State (Health) 
visits our stand after performing the opening 
ceremony 
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— the most powerful -of the 
THERAC SERIES 
of linear accelerators* 
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The SAGITTAIRE is being used in some of the world’s leading medical centres for sophis- 
ticated radiotherapy and high energy clinical research. 


THE THERAC 40/SAGITTAIRE provides the discriminating radiotherapist with: 


e ELECTRON OPERATION — Pushbutton energy 


lection from 7 to 32 MeV in three MeV steps with a 


40 MeV option. 


@ X-RAY OPERATION — Primary photon energy 25 MeV 


with a 10 MeV option. 


@ UNIQUE QUADRUPOLE SCANNING SYSTEM elin 
inating electron contamination in the photon mode 


and substantially reducing X-ray contamination 
the electron mode. 


e DOSE RATE variable from 50 to 400 rads/min at ! 


sfirraine to 
AGITTAIRE, is the result of 18 year 


meter from the source in both electron and photon 
modes 


€ FIELD SIZE continuously variable from 2 cm x 2 cm 


to 38 cm x 38 cm at the isocentre. 


€ An exclusive simulation procedure which checks out 


the operation of each element in the measurement 
circuit and machine interlocks before each treat- 
ment 


Further information may be obtained by contacti: E 
our area representative. 


field of particle accelerators by THOMSON CSF and CGR MeV 
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Atomic Energy of Canada Limited s Commercial Products 


P.0. Box 6300, Station J, Ottawa. 


Nemota + Telex 013-462 











In Radiography 


Conray Contrast Media 


Products of distinction in their substance and shadow 









Conray contrast media are formulations of either meglumine iothalamate, sodiun 
lothalamate or combinations of the two. These high iodine/low viscosity 
preparations have an established record of excellence in providing wide marait 
Safety and tolerance for the patient together with optimum visualization ina 

' idiographic procedures 
















Conray* 
Contrast Media- 

A salt for all reasons 
A view of all regions 
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ILFORD 


ILFORD Limited, X- 
Ilford, Essex. Tel: 01- 478 5006. % 
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The Philips Integrated Therapy Programme 


a 
ensures increased efficiency in the modern 
radiotherapy department by having a common 


design philosophy, similarity of operational proced- 


ures and simplified service, 

The programme embodies maximum 
reliability and patient safety. It incorporates a 
long-term plan providing the clinic and hospital 
with the essential equipment for today and the 
future. 

Equipment like the SL75/10 MeV linear 
accelerator: the ideal unit for the modern clinic. 

World-famous reliability 

The SL75/10 MeV is one in a series of 
linear accelerators designed to meet the increased 
demands for precision and reliability. 

it is the result of 25 years experience in 
radiation therapy and is employed by busy clinics 
all over the world. 

The SL75/10 MeV offers both X-ray and 
electron beam therapy. Operational procedures 
are simple and the rapid, accurate setting-up allows 
a large number of patients to be treated per day. 

Many clinics have reported treating over 
100 patients daily. Thus running costs, when 
` calculated on a cost-per-patient treatment basis, 
are low. 


If you would like to know more about the Phi 


Yen YOu investina | 
Philips SL75-1 
s not all youre! 





For X-ray treatments, arc therapy and 
multiple field techniques can be used. The SL75/10 
provides high X-ray dose rates: up to 600 rad/min 
at 100cm at 8 MeV with fully flattened field. 

The SL75/10 MeV embodies basic features 
hat have earned it a well-deserved reputation for 
ugh performance and reliability. 

Dual channel dosimetry and fail-safe 
interlock systems combined with select-and-confirm 
routines increase patient safety and reduce 
operational errors. 

Variable speed control for gantry rotation, 
table height, field size and diaphragm rotation all 
contribute to fast patient setting-up. 

Verification and data print-out facilities are 
available as further aids for the busy clinic. 

in all, the SL75/10 MeV is the ideal equip- 
ment for the modern radio-therapy department 
both today and for the future. 
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But thats notal youre buying. 
The Philips SL75/10 MeV Linear Accelerator 


is just part of the entire programme of specialised 
equipment which also includes cobalt units, 
localiser/simulator, treatment planning system 
ortho-voltage therapy units and betatrons, 

Philips are constantly developing new 
equipment and methods to aid the therapist. 


lips Integrated Therapy Programme, 


please write to: N. V. Philips, Medical Systems, Eindhoven, The Netherlands, 


or IheM.EL Equipment Company Ltd. PAD, Manor Royal, Crawley Sussex, England. 
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or Philips Medical Systems Ltd., 45 Nightingale Lane, London SWI? 8Sx. 





ith 'Kodak' products come 
odak people. 


17 territories within the British 
sles there are 17 Kodak men who 
re trained specialists in medical 

aging techniques. 


hey are Kodak Technical Sales 
epresentatives. And yours is at 
e end of your phone. 


e knows his subject: he attends 
aining courses that bring him up- 
b-date with the latest 
evelopments in medical imaging. 
lepartmental design, nuclear 
edicine, ultrasonics, 
strumentation recording, 
hotography, dental radiography 
. . the things he needs to know in 
rder to help you. 


He won't always have an instant 
answer. But he'll know where to 
find it. 


So, whether you are ordering 
‘Kodak’ products now or 

planning to order later, you can 
expect Kodak people to be at your 
service. The representative, the 
people who provide courses for 
your staff, the people who look 
after you at your local Distribution 
Point and Sales Centre. 


Kodak people. 
They're nice to know. 
Kodak Limited, Medical Markets, 


Kodak House, PO Box 66, 
Hemel Hempstead, Herts HP1 1JU 


Kodak: the people with the tradition of trust. 
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ith 'Kodak' products come 
odak people. 


n 17 territories within the British 
sles there are 17 Kodak men who 
are trained specialists in medical 
maging techniques. 


hey are Kodak Technical Sales 
Representatives. And yours is at 
he end of your phone. 


e knows his subject: he attends 
raining courses that bring him up- 
o-date with the latest 
developments in medical imaging. 
Departmental design, nuclear 

edicine, ultrasonics, 
nstrumentation recording, 
photography, dental radiography 

.. the things he needs to know in 
prder to help you. 


He won't always have an instant 
answer. But he'll know where to 
find it. 


So, whether you are ordering 
'Kodak' products now or 

planning to order later, you can 
expect Kodak people to be at your 
service. The representative, the 
people who provide courses for 
your staff, the people who look 
after you at your local Distribution 
Point and Sales Centre. 


Kodak people. 
They're nice to know. 
Kodak Limited, Medical Markets, 


Kodak House, PO Box 66, 
Hemel Hempstead, Herts HP1 1JU 


Kodak: the people with the tradition of trust. 
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The Clinac 6X 


Now 6 MV with a straight-through beam 


Varian is proud to announce the Clinac 6X, the first fully rotational 6 MV 
production therapy machine with a straight-through beam. 


Incorporating an advanced new accelerator structure, the Clinac 6X utilizes the 
gantry, control console and proven electronics which have made the Clinac 4 
the accepted standard of modern supervoltage therapy machines. Key features 
of the Clinac 6X are the design simplicity and enduring reliability which have 
come to characterize all Varian accelerators. 


The Clinac 6X is now in production. Please call or write for full information. 
Varian Radiation Division, 611 Hansen Way, Palo Alto, California 94303. 
Phone 415/493-4000. Worldwide sales and service. 
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In Angiography 
by 
UROGRAFIN 


Both Urografin 60", and 76", 
with iodine concentrations of 


292 mg ml and 370 mg ml 
respectively, 
are suitable for most 
angiographic examinations. 
The high proportion of the 
meglumine to the sodium salt 
ensures excellent tolerance 
with good diagnostic 
definition. 


Available in 20 mls ampoules 
and so mls vials. 


In In 


LN 


by 
UROVISON 


Urovison exhibits an optimum 
balance between ease of 
injection and good contrast. 
With an iodine concentration 
of 325 mg/ml, 
patient tolerance is high 
even when administered 
in large volumes. 


Available in 25 mls ampoules 
and 50 mls vials. 
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Schering Chemicals Limited, 


travenous Pyelography 


by 
INFUSION BILIGRAM 


The latest development from 
Schering AG. Biligram 
exhibits lower toxicity and 
better tolerance than 
previously available media. 
Adequate diagnostic pictures 
can often be obtained in 
patients with serum bilirubin 
levels of 2-5 mg ^. 


Available in 100 mls infusion 
bottles and 30 mls ampoules. 


Pharmaceutical Division, Burgess Hill, Sussex RH15 9NE 


Full information available on request 


In Intravenous Cholegraphy 





Ihe Mobaltron F.100 is the most sophisticated 
machine in the T.E.M. range of telepathy units, 
also being the only cobalt therapy unit in the 
world in current production to work at 

100 cm S.A.B. 


The Mobaltron F.100 has the facility for rotation 
oscillation and split arc techniques and is 
provided with the T. E, M. cushioned top split 
spine treatment table. This fable allows a 
completely clear field of vide to the patient 
from any angle, 4 


T.E.M. manufacture a cofnplete range of cobalt 
therapy and simulation uhits. 


For further information please write to 


i3] 


TEM Instruments Limited 


Gatwick Road. rawley, Sussex, R H10 2RG England Tel 0294 41244 
Iclex: 87397, Grams: TESTMENT GRAWLEY 
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S This is D38 


Robust, reliable, highly mobile unit. 
| High powered — 300 mA and 125 kV. 


Extensive X-ray tube movements 
provide total coverage of patient. 


Economical and versatile. 





' Medical - 


Responsible technology 


GEC Medical Equipment Limited 
P.O. Box 2, East Lane - Wembley - Middlese: 
HA9 7PR - England. 

MEG PASA ON | Telephone: 01-904 1288 - Telex: 922177 
CC re ee Cables: Skiagram, Wembley. 
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The great time-saver 


The Philips Auto Alternator has lon 


g been Alternator principle of having a large 


known as one of the greatest time-savers number of radiographs mounted on 26 


in the X-ray department. The latest 
versions — fully compatible with their pre- 
decessors - offer fast, silent transport 
and selection of radiographs, with con- 
trolled brightness for optimum viewing 


and display. 


All versions share the well-known Auto 


goo. 
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lightweight acrylic frames in a magazine, 
with extremely rapid access. These maga- 
zines play a central role in streamlining 
the handling of radiographs, and are fully 
mobile in the new Auto Alternators 202 


and 208, for easy transportation by any 


1. All the mobile magazines of the 
new Auto Alternator are fully com- 
patible with those of earlier Auto 
Alternator units, facilitating inte- 
gration into existing installations 


2. The new Auto Alternators have 
optimum viewing conditions with 
non-reflecting desk tops and masks 
around the viewing panel to reduce 
glare, ensuring maximum comfort 
for the radiologist, who often has to 
spend lengthy periods viewing 
radiographs 


3. Rapid, positive selection of 
radiographs is achieved with the 


member of staff. 





touch controls of the new logically 
arranged plug-in control unit 


For additional information write 
to N.V. Philips, Medical Systems 
Division, Eindhoven. 

The Netherlands, 

or Philips Medical Systems 
Ltd., 45 Nightingale Lane, 
London SW12 8SX 


PHILIPS 
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If your concern is the heart... 


ine with | iT table I ! 
unrestricted access for the doct 
H "i£ ntesevt tort nr tig 
* " + 


+ U-Stand for cardiological examination 


In many examinations angulation of the beam is preferable d fins motos 
to rotation of the patient, as there is no risk of catheters being parts, thus ensuring shad 
displaced. The Philips U-stand is adjustable in height so that the Visualisation. = 
axis of rotation can be placed in the Cardiac plan enabling an) ws haces batum C$ oes 
projection to be set without the beam drifting from the centre to either side of the tabli 
of interest. rea around the table allowi: 

The Angio Diagnost examination tàble is provided with hangers to be used 
motorised height adjustment, for a convenient working For details please 
procedure and a fully floating tabletop enabling all catheter n. S Medical, " n 
movements to be accurately followed and the region of AS Nfoktimale [ ane. 
interest to be prec isely positioned in the beam. Lond i 


Medical 
Systems 


p H i L i D S Health is our concern, too. 





xiv 


Half page : 25x 36 ems (Whole page: 51x36 ems) Effective 1 January 1976 





AAR AL A Na meriti te 





The official organ of The British Institute of Radiology. Incorporated by Royal Charter 


Rates for Advertisements 





| 
The British Journal of Radiology 
| 
| 


One Six Twelve Terms: Monthly Net, Series orders must be 

Page size Insertion Insertions Insertions completed within a year. The right is reserved to 
£ £ decline or omit any advertisement, No responsi- 
Whole page 66-00 60-00 54.00 bility can be accepted for the omission to insert 
. Half page 34-00 31-00 29-00 an advertisement from any cause. 

Quarterpage 1900 18-00 17.00 Copy must be received by the 5th of the month 
Eighth page 13-00 12-00 11:00 previous to the month of publication, and no al- 
Bleed page 19-00 extra per page terations or corrections can be made unless the 
in black and standard second colour amended proofs are returned before noon on the 
Whole page 96-00 90-00 82-00 10th of the month. 
Rates for four colour advertisements by 
arrangement 


Box Number fee £1-00 


All applications for space to be made to 

Advertising Department 

British Journal of Radiology 

12 Bedford Square, London WC1B 3JB. Telephone 01—636 7676 








Eighth page: 12x17% ems 


Quarter page: 25x17% ems 


Meere AERIAL nt 





The CEF 
DIRIGON 


TODAY'S MOST VERSATILE SINGLE DIAGNOSTIC UNIT 











The CGR Dirigon has many uses: which can be rotated around the patient. 
Barium Meals; Mylography; Cerebral However, rotation of the patient is such 
Radiography; and Tomography, with that examinations can be made in any 
cutting angles from 10-50". plane, including the Trendelenburg 

The features ofthe CGRDirigoninclude: position. The table can even be removed, 
Variable Focus Film; 90-90" tilt; and and the unit used for chair or trolley 
Independent Tube Intensifier Assembly cerebral investigations. 


CGR MEDICAL LIMITED 
Astronaut House, Feltham, Middlesex Telephone: 01-890 8166 
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Radiology now 
Recent interest in the spleen 


Radiology has played a part in the study of splenic 
function since Barcroft and his co-workers (Bar- 
croft 1925; 1926; Barcroft et al., 1925) observed the 
alteration of the size of the spleen in rabbits, cats and 
dogs by placing metallic sutures on the splenic cap- 
sule, and taking radiographs following various 
physiological stimuli. In clinical practice, plain-film 
radiography still has a place to surprise the unwary 
clinician. Development of isotope-labelling tech- 
niques followed later in the study of the relation- 
ship between cellular elements of the blood and 
splenic function. These methods are sometimes of 
great value, though scanning of the spleen has 
proved unreliable in the staging of Hodgkin's disease 
(Ell et al., 1975). 

Recently, Kreel (1974) has studied at length the 
incidence of aneurysms in the splenic arterial tree, 
using plain and contrast radiography m vitro and 
in vivo. He found an increasing incidence of aneur- 
ysms with age, as might be expected, but the female 
predominance is surprising. In his group with portal 
hypertension and splenomegaly, aneurysms were 
observed in a much younger age group. I am not 
sure that his hypothesis of “wear and tear from many 
years of high rates of blood flow” is well founded. 
Normally the splenic blood-flow rate, measured by 
clearance of radioactive xenon, is 120 ml./minute 
(Williams et al., 1968), but this can rise markedly 
both in cirrhosis of the liver and haematological 
disorders. In splenomegaly due to myelofibrosis and 
leukaemia, splenic blood flow has been measured at 
1-6 L/minute, representing over 20 per cent of the 
cardiac output (Garnet ef al, 1969). It would be 
interesting to observe the prevalence of aneurysms 
in patients with high splenic blood flow from causes 
other than portal hypertension. 

Across the Atlantic, splenic arteriography is per- 
formed more readily than in this country in cases of 
suspected trauma to exclude rupture, haematoma 
and infarction. Here the detailed intra-splenic 
anatomy is important. However, the most exciting 


l 


developments in the recent radiology of the spleen 
have come with the advances of modern immunology. 
The spleen is a secondary lymphoid organ, where 
lymphopoiesis begins late in fetal life, after the 
development of the thymus. Together with lymph- 
nodes, the spleen may respond to antigen stimulus 
by germinal centre and plasma cell production. Sand- 
berg (1972) has used radioactive xenon to record an 
increase in intra-splenic blood flow following per- 
tussis vaccination. This rather basic observation may 
in fact reveal a close link between vascular changes 
and immune responses or disorders in the spleen. 
Splenic atrophy has recently been shown to be 
associated with widespread immunological disturb- 


ances, notably auto-immunity {Wardrop et a/., 1975), 


Also, some splenic enlargement is reputed to occur 
after cardiac transplantation. 

Herman, Yamamoto and Mellins (1972) investi- 
gated the micro-circulation changes of lymph-nodes 
during the primary immune response, and recently 
the same centre has turned its attention to the white 
pulp of the spleen. The marginal sinus of the splenic 
Malpighian follicle was recognized as a site of inti- 
mate contact between the reticulo-endotheliai cells 
and the cellular elements in the blood many years 
ago (Macneal, Otani and Patterson, 1927). The 
localization of injected antigens near the marginal 
sinuses (Nossal et al., 1966; Mitchell and Abbott, 
1971), and the migration of antigen-binding cells 
from there to the germinal centre of the Malpighian 
follicle (Mitchell, 1972) are more recent findings. 
Concurrent work in radiological departments in 
Boston and London has demonstrated the finer 
vascular pathways of the white pulp using injection 
methods (Dubreuil et al., 1975; Ayers et al., 1975). 
The marginal sinus of the Malpighian follicle has 
been shown to be an important link in this pathway. 
Furthermore, the marginal sinuses have been seen 
in vivo in dogs by arteriography as round "haloes" 
of contrast, and the haemodynamics studied (Ayers 
et al., 1975). The circulation through the marginal 
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sinus has been shown to be slow. This, it is suggested, 
provides an environment which encourages the 
trans-vascular migration of cells to occur. Further 
studies may enable us to determine what changes 
occur in the microvascular structure and flow 
patterns during immune responses following anti gen 
stimulus, Whether improving radiological techniques 
will allow such detail to be obtained in man zn vivo 
has yet to be discovered. One could speculate that 
the unlikely combination of immunology and radi- 
ology may produce data in patients with immuno- 
logical disturbances which will be useful in diagnosis 
and prognosis, 

In clinical practice, advancement may come more 
quickly with the use of ultrasonography. This is 
already of value in the diagnosis of splenic cvsts, and 
may prove its worth in the separation of splenic 
enlargement due to vascular engorgement from that 
due to increase in cellular content. Such tissue 
differentiation with ultrasonography is still in its 
early days: there are strong hopes for its success, 
but will the EMI scanner surpass all? 

A. B. Ayers 
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ABSTRACT 

Detailed radiological and histological features of «-chain 
disease are presented against a background of the clinical 
and biochemical findings. The separation of this syndrome 
from other varieties of ''Mediterranean" lymphoma is 
emphasized. The radiologist should in some instances be 
able to suggest the diagnosis in his differential diagnosis of 
abnormalities seen on examination of the small bowel. The 
histopathologist should be able to provide a diagnosis from 
examination of a peroral jejunal biopsy. One patient with 
this relatively uncommon disease had evidence of a hyper- 
trophic osteoarthropathy. Two of the six patients had a 
transient episode of acute abdominal distension which 
resolved on conservative management. 


The basic structure of immunoglobulin molecules 
is a pair of heavy polypeptide chains specific for 
each class of immunoglobulins (y for Ig G, x for 
Ig A, p for Ig M, etc.) combined with a pair of light 
chains, either « or A, common to all immunoglobu- 
lins (Fig. 1). In multiple myelomatosis, malignant 
plasma cells produce an excess of whole immuno- 
globulin molecules of a particular class and free 
light chains, or an excess of free light chains alone 
(Bence-Jones protein). In 1968, Seligmann and 
Rambaud described a patient with diffuse plasmacy- 
tosis of the small intestine in whom the plasma 
cells produced only part of the IgA molecule (Selig- 
mann ef al., 1968; Rambaud et al., 1968). This frag- 
ment contained parts of the two x chains (Fc frag- 
ment) but no light chains (Fig. 1). The condition 
was referred to as x-chain disease. It affects young 
adults and is characterized by diarrhoea, abdominal 
pain, loss of weight and finger clubbing. It occurs 
mainly in non-Europeans living in the Mediterra- 
nean region, but has also been described in patients 
from Pakistan, South Africa and South America 
(Doe et al., 1970; Novis et al., 1971; Seligmann, 
Mihaesco and Frangione, 1971). Fragments of the 
x chain of IgA have been identified in serum, urine 
and jejunal fluid. The purpose of this paper is to 
detail the radiological features in six patients suf- 
fering from z-chain disease and to relate these to the 
histylogical findings. The biochemical investigations 
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and clinical findings in four of the six patients have 
been published in detail elsewhere (Doe et al., 
1972; Manousos et al., 1974). 


PATIENTS INVESTIGATED 

Six males aged 18 to 36 years (mean 28) com- 
plained of weight loss and diarrhoea. Five com- 
plained of abdominal pain. One patient came from 
each of the following six countries: Pakistan, Bang- 
ladesh, Greece, Persia, Italy, and Turkey. Symptoms 
had been present for seven months to six years 
(mean two years eight months). Four were wasted, 
four showed gross finger clubbing and three had 
ankle oedema. None had detectable enlargement of 


IMMUNOGLOBULINS 


BASIC STRUCTURE OF 





PAPAIN 
CLEAVAGE 





Fic. 1. 
The paired heavy and light chains common to all antibody 
molecules. Enzymatic cleavage by papain vields an Fc 
fragment consisting of the terminal portions of both heavy 
chains free of light chains. 
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liver, spleen or peripheral lymph-nodes. Five pa- 
tients had moderate hypoalbuminaemia (serum al- 
bumin less than 3:5 g/100 ml.) and three had hvpo- 
calcaemia and hypomagnesaemia. One of these three 
had several episodes of tetany. Four patients had ele- 
vated serum levels of the intestinal isoenzvme of 
alkaline phosphatase. One had a marked increase in 
the bony isoenzyme of alkaline phosphatase. Malab- 
sorption of fat was demonstrated in all patients. 
Malabsorption of D-xylose and vitamin B12 was 
exhibited by the five patients in whom these tests 
were performed. Using immunoselection plates in 
which electrophoresis into agarase containing anti- 
light-chain antisera precipitates all normal immuno- 


globulin, the presence of heavy chain fragments of 


Ig A free of light chains was demonstrated in the 
serum of all patients and in concentrated urine and 
jejunal fluid in three. These findings are character- 
istic of x-chain disease. 


RADIOLOGY 

In two patients, barium meal and follow-through 
examinations had been performed in other hos- 
pitals. In the remaining four, similar studies were 
carried out at Hammersmith Hospital using eithe: 
Micropaque (Damancy and Co. Ltd.) or Baritop 
100 (Sakai Chemical Industry Co. Ltd.). In one pa- 
tient several barium studies were performed over a 
period of three years while he was on treatment. 
This patient was also investigated by lymphangio- 
graphy which showed no abnormal lymph-nodes 

The 
Table I. 


minor degree in all six. Segmentation of the barium 


radiological findings are summarized in 


Flocculation of the barium occurred to a 


was a trivial feature in five, and not seen in one 
All patients showed multiple fluid levels on erect 
films taken during the course of their follow -through 
examinations. The abnormalities were, in general. 
more severe in the proximal and mid-small bowel 
than in the distal small bowel. Circular folds were 
thickened to a minor extent in five patients and 
grossly thickened in the duodenum and proximal 
jejunum 2, Patient 6). A 
striking feature in 
(Fig. 3, Patient 3), prominent in two and present 


in one (Fig. nodular 


mucosal pattern was a one 
to a minor degree in two. Nodularity of the mucosal 
pattern was accompanied by the combination of a 
scalloped and spiky contour (Fig. 3) in three patients. 
All patients showed some evidence of segmental 
dilatation which was not constant with time ( Fig. 4). 
Five showed narrowing of 


segments of small bowel. This feature was prominent 


patients inconstant 


in Patient 6 (Fig. 5). The findings in this patient 








Fic. 2. 


Supine radiograph of stomach, duodenum and proximal 
jejunum. Marked thickening of circular folds in distal 
duodenum and proximal jejunum. Coarse scalloping of the 
contour of first, second and third parts of the duodenum 


Patient 6. 





Fic. 3 


Patient 3. 


Supine radiograph of stomach, duodenum and proxima 

jejunum. Coarse nodularity of the mucosal pattern in the 

second part of the duodenum. The contours of the jejunum 

show a combination of scalloping with numerous fine 
projections or spikes of barium 
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TABLE I 








Thick circular folds 
Nodular mucosal pattern No 
Scalloped contour No 
Spiky contour | No 
Inconstant segmental dilatation 

| Inconstant segmental narrowing 

|  "pseudo-stricture" 
Localized ''blow-outs'' ''pseudo-diverticula"' No 
Fluid levels on erect radiographs Yes 
Episode of acute abdominal distension No 
Hypertrophic osteoarthropathy | No 





l 
AH 

















assessed! 


2 3 4 5 b 

LM GS ZY GB AK 
— - - - — | 
| | 
Yes Yes No Yes Yes | 
Yes Yes No Yes No | 

No 

No Yes No No No 
Yes Yes Yes Yes Yes | 
No Yes No No Yes | 
NO Yes NO Not | No | 





\bnormality slight moderate severe 





Fic. 4. 


Patient 6. 


Supine radiograph of jejunum and ileum. Considerable 

dilatation of a loop of proximal ileum. This loop appeared 

undilated on a later radiograph. Moderate dilatation of some 
segments of jejunum and thickening of circular folds. 


tended to make him stand out from the group. He 
was the only patient to show dilution of the barium 
by increased fluid within the bowel. Dilatation of 
small bowel was more obvious and more widespread 
in him than in any of the others. Patient 3 showed 
multiple pseudo-diverticula or localized ““blow-outs”’ 
in the distal part of his mid-small bowel (Fig. 6). 
While under observation in hospital, Patients 3 and 





Patient 6. 


Fic. 5. 

Erect radiograph of jejunum and ileum. Appreciable 

dilution of barium by fluid within the bowel and a few 

air-fluid levels. Short dilated segment of ileum just above 

the middle of the picture with a narrowed segment of bowel 

leading into and out of it. This narrowing was inconstant 
and may have been influenced by posture. 


6 had an episode of acute abdominal distension. 
Plain radiographs of the abdomen suggested the 
diagnosis of an ileus (Fig. 7) although bowel sounds 
were present. Both patients were treated by drip and 
suction and their abdominal 
within two to three days. Patient 2 was followed for 


distension resolved 
three years at Hammersmith Hospital from the 
time of presentation to the time of his death. His 
disease remitted for 18 months on treatment with 
cytotoxic agents and prednisone. His first barium 


VoL. 49, No. 577 


W. F. Doe. K Hi nry and F. H. Doyle 





Fic. 6 Patient 3 


M vd , 
j my i 


Erect radiograph of proximal ileum showing multiple a 
blow-outs" or “‘pseudo-diverticula’’ Air-fluid levels shown 
within the '*blow-outs" 


Law — 


"A 





Fic. 8. Patient : 


Supine radiograph of stomach, duodenum and ieiunum 
when he first presented. Narrowing of the second part of the 
duodenum. The degree of narrowing was variable and was 
much less ob. Ious IN the prone position. The jejunum show 8 
nodularity of mucosal pattern, the combination of scalloping 


and spikiness of Its contours ind thickening of circular 
tolds 


meal and tollow-through showed a relative narrow- 
ing of the second part of the duodenum (Fig. 8) 
In his final admission to hospital, he suffered from 
intractable vomiting. A barium meal showed a rigid 
stricture of the first and second parts of his duo- 
denum with probable ulceration (Fig. 9). 

One of the four patients with finger clubbing also 
had the features of hypertrophic osteoarthropathv. A 
skeletal SUTVCY showed periostt 1 new bone along 
the distal thirds of the shafts of his femora (Fig. 10) 
Ihe bone isoenzyme of alkaline phosphatase was 
increased in his plasma. No bony abnormality was 
demonstrated in the other four patients in whom a 


skeletal survey was carried out. 





Fic. 7 Patient 3. Histo} OGY 
Supine radiograph of abdomen during an episode ol 
acute abdominal distension. The whole of the small bow: 
and much of the colon is moderately distended by air. Thi 
degree of separation of the small bowel loops suggests cor material was processed in the usual manner for 
siderable thickening of the wall of the small intestine. Ther 


was no clinical evidence of ascites. The distension resolve: TOR ) 
iter à few days of treatment by drip and suction Haematoxylin and Eosin (H and E), the Periodic 


Peroral jejunal biopsies were obtained beyond 


the ligament of Treitz in all patients. The biopsy 


light microscopy. Staining procedures included 
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Fic. 9. 


Prone-oblique radiograph of stomach and duodenum of 

Patient 2 when he presented terminally with intractable 

vomiting. Rigid stricture of first and second parts of the 

duodenum with probable ulceration. Contrast in para-ortic 

Ivmph-nodes from a previous lymphangiogram. Necropsy 

two weeks later showed an ulcerating tumour of the 
duodenum. 


Acid—Schiff (PAS) sequence, methyl-green pyro- 
nine, and techniques for the demonstration of 
amyloid. Jejunal mucosa from five patients was also 
processed for ultrastructural studies. 


Light microscopy 

The main findings are summarized in Table II. 
The jejunal mucosa in all specimens presented a 
distinctive appearance. The basic abnormality was 
a massive and diffuse infiltration of the lamina 
propria with mononuclear cells. ‘This resulted in 
thickening of mucosa, distortion of normal villous 
architecture, and wide separation of the crypts 
so that these structures appeared sparse (Fig. 114). 


`~‘ 





Patient 3 


FIG. 

Antero-posterior radiograph of the distal part of th« 

shaft of his right femur. Periosteal new bone formation 

shown along the medial margin of the shaft. Similar changes 

were present in the other femur and at the distal ends of 
both radi. 


The abnormality of villous architecture consisted of 
widening and reduction in height so that there was 
a superficial resemblance to partial villous atrophy 
(PVA) and even subtotal villous atrophy (SVA). 
In contrast to coeliac disease and other conditions 
leading to PVA and SVA, the crypts were widely 
separated and few in number. The luminal epi- 
thelium showed a tendency to strip away from the 
underlying tissue. Where retained, it showed a 
relatively normal appearance with basal nuclei, 
distinct striate border and only a slight reduction 
in cell height. 

The cellular infiltrate was predominantly plasma 
cell in type (Fig. 115). In Patients 2, 
majority of cells were plasma cells with only oc- 


5 and 6, the 


casional lymphocytes. The plasma cells were rather 
immature in Patient 2 but appeared well differentia- 
ted in Patients 5 and 6. In Patients 1 and 4, lym- 
phocytes were more numerous and the plasma cells 
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TABLE II 
THE MORPHOLOGY OF THE JEJUNAL MUCOSA 


r 





Plasma cell Luminal 
Patient Villi Crypts infiltrate epithelium 
1. AH PVA Moderate Prominent diffuse Low-normal 
2. LM SVA Sparse Massive diffuse Low-normal 
3. GS SVA Sparse Massive diffuse Low-normal 
4. ZY SVA Sparse Massive diffuse Low-normal 
5. GB SVA Sparse Massive diffuse Low-normal 
6. AK SVA Sparse Massive diffuse Low-normal 


PVA— Partial villous atrophy; SV A—Subtotal villous atrophy. 





Fic. 11. 


(A) Low-power view of jejunal mucosa in Patient 4. The 

mucosa js flattened with short, broad villi and reduction in 

the number of crypts. The lamina propria is occupied bv a 
dense cellular infiltrate. 

(8) High-power view ( x 200) showing the plasma cell nature 

of the infiltrating cells. Note the relatively normal surface 
epithelium on the left. 


appeared mature. In Patient 3, a larger proportion 
of cells were intermediate between lymphocytes and 
plasma cells. In all patients most of the plasma cells 
exhibited cytoplasmic pyroninophilia, lacked any 
significant degree of mitotic activity and did not 
show atypical or multinucleated forms. Eosinophils 
were prominent in Patient 1. A remarkable infiltra- 
tion of the luminal epithelium with lymphocytes 
was observed only in Patient 4. Because of the 
superficial nature of the peroral biopsies, the 
presence or absence of invasion of the submucosa 
could not be assessed. 

Patient 2 responded initially to therapy, but re- 
lapsed with evidence of intestinal and bile-duct 
obstruction. Laparotomy revealed malignant ob- 
struction of the duodenum and common bile-duct 
and an ileo-ileal intussusception. At post-mortem 
the duodenum was the site of an ulcerating tumour. 
Distal to this the mucosa showed a diffusely thick- 
ened, almost cobblestone appearance. Numerous 
polypoid tumours were found throughout the gut 
from the jejunum to the rectum. They varied in 
diameter from a few mm to 5 cm, the largest one 
being in the rectum. These tumours were composed 
of large pyroninophilic lymphoid cells with evi- 
dence or differentiation to the plasma cell series, 
an observation confirmed by ultrastructural studies. 
While these tumours were clearly of plasma cell 
origin, the cells were much more primitive and 
neoplastic in appearance than those seen in the 
initial jejunal biopsy. 


Electron microscopy 

Ultrastructural studies performed in five of 
the six patients, confirmed the essential normality of 
the surface epithelium. The majority of infiltrating 
cells showed the cytoplasmic and nuclear structure 
of plasma cells (Doe et al., 1972). Most were round, 
with round to oval, regularly contoured nuclei. 
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TABLE I 
TECHNICAL DETAILS OF THE X-RAY TUBES 























Filtration 
(mm. Al) 
Type Inherent Added 
1. Siemen’s “Mammomat” 
(Rotating Molybdenum 
Anode) Be. window 30 um Mo 
2. Siemen’s (Rotating 
Tungsten Anode) Glass window | 0-5 mm Al 
TABLE H 
DETAILS OF THE THREE DETECTING SYSTEMS 
Processing 
time, 
Type Processor minutes 
1. Non-screen film Kodak 1:5 
Kodak PE 4006 automatic 
2. Medichrome film; 
vacuum packed Automatic with 2-5 
with one special 
intensifying screen | chemicals 
3. Selenium plate — 
xeroradiography Xerox “125” 1:5 
vide :—Gillbe P., system 
1973 


arrangements shown in Fig. 1. The set up, illustrated 
in Fig. 1a, was chosen to minimize the effects of 
focal spot dimensions and magnification, and thereby 
to provide radiological images of optimum quality. 
Each radiograph was viewed through an optical 
microscope fitted with a graduated eye-piece microm- 
eter, and the "sizes" of the radiological images of 
the calcifications were measured. (''Size" is defined 
as the greatest linear dimension of each particle, 
corrected for magnification due to projection.) The 
best radiographs were selected for each block to 
enable the measurements of size to be made as a key 
for the comparison of subsequent radiographs. The 
blocks were placed within a phantom consisting of 
polythene sheets (15 x 15 x 0-5 cm) to simulate fatty 
breast tissue, and radiographed with the geometry 
shown in Fig. 18 which more closely resembles 
clinical conditions in which the calcification may be 
separated from the detector by the scattering 
medium. The processed radiographs were inspected 
by a number of observers (never less than five people 
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Focus-detector 
distance (cm) 


Applied tube 
voltages (kV p) 


antt 
h 


Focal spot size 
(mm) 





45 and 183 cm 0-6 x 0-6 28, 30, 45 and 50 
(constant potential 
generator) 


eaeoe vecene 


35 and 50 | 
(constant potential 
generator) 


83 cm 0:6 x 0-6 


X-ray focus 
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(a) ib} 
Fig. 1. 


The geometry employed to radiograph the paraffin blocks, 

The ‘“Mammomat” (See Table I) was used with the three 

detecting systems described in Table II. (a) In air at 183 cm. 

(B) In phantom at 45 cm. The block is shown in the middle 

of the phantom at level “B” : radiography was repeated with 
the block positioned at levels “A” and “C”. 


with appropriate experience) who recorded the 
position of each particle that they could see. By 
relating these observations to the corresponding key 
radiograph, the minimum size detected by each 
person was determined, and by taking the mean of 
those measured for all observers the "threshold 
size" established. | 

Each person also indicated whether one radio- 
graph was of "better" or "worse" quality than 
another. Although such terms are virtually impos- 
sible to define, they are of value in practice, since the 
judgement is compounded of several impressions 
such as resolution, contrast pattern, etc. and is 
relevant to the decisions that have to be made in 
radiology. In the discussions below it is referred 
to as image quality. 

To determine the influence of breast architecture 
on the detection of calcifications, experiments were 
repeated using six suitable mastectomy specimens 
in place of the simple phantom shown in Fig. 15. 
One of the specimens containing a very wide range 
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of calcification sizes was further radiographed with 
the tungsten anode X-ray tube to assess the effect of 
the harder radiation on image quality. Details of this 
equipment are given in Table I. For reasons which 
are stressed below, studies with these specimens 
were limited to the use of non-screen film and 
xeroradiography. 

Throughout this work, great care was taken to use 
optimum exposure conditions, and to eliminate 
errors due to under- and over-exposure, by obtaining 
a series of radiographs on each detecting system for 
every change in radiological or geometrical par- 
ameter. 

RESULTS 

The radiographs taken with the geometry shown 
in Fig. 1A gave values of “threshold” of approxi- 
mately 100 um for each of the detecting systems at 
all available tube voltages. The image quality ob- 
tained with Medichrome and PE 4006 deteriorated 
with an increased tube voltage, while the effect was 
hardly noticeable in xeroradiography. 

With the arrangement indicated in Fig. 1s, 
several important facts were established concerning 
the "threshold" size (defined above). 

(1) The variations in the positions of the paraffin 
blocks, illustrated as A, B and C in Fig. 1B did 
not affect any of the "threshold" values meas- 
ured on the three radiographic systems. 

At 28 and 30 kVp the "threshold" for xero- 
radiography was approximately 100 um, while 
the values for both Medichrome and PE 4006 
film were raised to 400 um. 

When film techniques were used, increasing the 
voltage above 30 kVp led to a rapid loss in film 
quality due to the scatter arising from the con- 
figuration shown in Fig. 1B. For xeroradiography, 
however, the threshold values remained at 100 


pm although the image quality showed some 
deterioration. 

No measurable differences were found between 
the PE 4006 and Medichrome films throughout 
these experiments and therefore the examin- 
ations of the six mastectomy specimens were 
confined to the uses of PE 4006 film and xero- 
radiography. 

Comparative studies of the conventional radiographs 
and xeroradiographs of the breast specimens con- 
firmed "threshold" values of approximately 400 
pm and 100 um respectively, and clearly demon- 
strated the value of the "edge" effect of xeroradi- 
ography. The comparatively large exposure latitude 
of the xeroradiographic plate and the edge effect 
combine to give better detection of calcifications 
both when it is sparse and when it is found in areas 
such as the subareolar region where increased 
attenuation. causes pronounced opacity in film 
techniques. Results obtained with the mastectomy 
specimens did not differ significantly from those 
obtained with the paraffin blocks embedded in the 
phantom. 

The xeroradiographs of the mastectomy specimen, 
taken with the tungsten target X-ray tube, using the 
same projection as that employed with the molyb- 
denum tube showed :— 

(1) xeroradiographs taken with the tungsten anode 
did not alter the "threshold" values although 
they were of reduced contrast; 

increases in applied tube voltage had small 
effect on xeroradiography, but resulted in severe 
deterioration of the image quality of the film; 

all conventional radiographs taken with the 
tungsten tube (used in our technique) were 
considered to be of "unacceptable quality" for 
clinical work. 


(4) 


(2) 


Part Il: The correlation between radiological and pathological findings 
and their significance in malignant and benign disease 


MATERIALS AND METHODS 

During the six-month period of this studv, 68 
patients with carcinoma of the breast and 135 
patients with benign breast disease who were treated 
by surgery had pre-operative mammograms. The 68 
cases of carcinoma, together with 27 patients with 
benign breast disease in whom calcification was con- 
sidered a significant radiological abnormality, were 
studied in detail. Cases with extremely sparse and 
widespread calcification, the distinctive large cal- 
cifications of a fibroadenoma or the typical round 
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and ring-like calcifications occurring in duct 
ectasia, were not included. Xeroradiographs were 
taken of a high proportion of the malignant surgical 
specimens and of all benign biopsy specimens. 
Stereoscopic views were taken of selected specimens 
(Boag, Stacey and Davis, 1971; 1972). Histology was 
available for all cases. 

Where calcification was the only basis for biopsy, 
the surgical specimen was xeroradiographed prior to 
pathological examination, and a frozen section only 
performed on an obvious tumour. When no obvious 
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dominant abnormal area was seen or felt, multiple 
tissue blocks were taken for permanent paraffin 
sections. All specimens were fixed and processed 
routinely. Three blocks were taken from each 
grossly obvious carcinoma, and multiple blocks from 
the other specimens. Special stains were performed 
when considered appropriate, a Von Kossa stain for 
calcium salts being performed on one section from 
each carcinoma. 

If the amount of calcification seen on the histology 
slides was significantly less than demonstrated on the 
xeroradiograph, further tissue was examined. In 
order to locate the calcification, blocks and reserve 
tissue were subjected to further radiological examin- 
ation. 

The following features of the calcification seen on 
the pre-operative mammograms were noted: 

(1) the presence or absence of a mass; 

(2) the appearance of the mass; 

(3) the location of the calcification in relationship to 
the mass; 

(4) the size, number and spatial distribution of the 
calcifications within the breast. 

The size of the calcification particles was measured 
using a graduated micrometer eye-piece and a 
dissecting microscope. For those of irregular shape 
the greatest linear dimension was recorded. The 
approximate range of size of the particles seen on 
both projections was recorded for each patient. 
Particles over 1,000 um were considered coarse, 
those between 500 um and 1,000 um intermediate, 
and those less than 500 um fine. The distribution of 
the calcification was often difficult to determine. An 
attempt was made to note, using both views, whether 
they were closely packed within a small or large 
area or widespread within a quadrant, or scattered 
over the entire breast. 

The following histological features of all the 
carcinomas (both with and without calcification) and 
the benign lesions containing calcification were 
noted where relevant: 

(1) the histological diagnosis of the associated lesion 
including the tvpe and grade of carcinoma 
(Bloom and Richardson, 1957); 

(2) the pathological size of the tumour and the 
number of involved axillary lymph-nodes; 

(3) the histological site and the size of the particles. 

The latter was measured using an eye-piece microm- 

eter, and the greatest linear dimension recorded. 

Size was difficult to assess since 1n some cases many 

small particles were clustered closely together; and 

the aggregate was then measured; in addition, 
larger deposits were often shattered during the 
process of section cutting. 


Results have been tabulated wherever possible. 


RESULTS 
Incidence of calcification in carcinomas and benign 
breast disease 

Calcification was found in the region of the 
tumour in 33 of 68 pre-operative mammograms of 
patients with carcinoma of the breast, an incidence 
of 48-5 per cent. In ten additional cases in which 
calcification was not seen on the pre-operative 
mammogram, it was found in histological sections, 
bringing the overall incidence of calcification in this 
series to 63 per cent. 

Xeroradiographs of the operation specimen which 
contained the carcinoma were available for 20 of the 
33 cases in which calcification was seen on the pre- 
operative mammogram. Although the calcification 
was more easily demonstrated, no significant 
additional amount was seen (Fig. 24). 

The presence of calcification was confirmed on 
histology in all but two cases: in each of these two 
exceptions only two or three small particles had been 
visible on the pre-operative mammogram. 

Calcification was not seen in the pre-operative 
mammograms of 35cases of carcinoma. Xeroradio- 
graphs of 22 of these operation specimens containing 
the carcinoma were available for study, but calcifi- 
cation could not be demonstrated even in the ten 
cases in which calcification was found on histology 
sections. 

Calcification was seen as a significant abnormality 
on the pre-operative mammograms of 27 of the 135 
patients who had benign breast disease on biopsy 
(20 per cent). Specimen radiography in this benign 
group did not reveal additional evidence of calcifi- 
cation. 


Clinical and radiological features of carcinomas and 
benign breasts containing calcification 

A summary of the clinical features and the appear- 
ances of the pre-operative mammograms from the 
patients with both malignant and benign breast 
lesions in which calcification was seen, are shown in 
Tables IHI-VIH. 


1. Relationship of calcification to other radiological 
features 

Table III] shows that in 14 cases of carcinoma, 
calcification was the only radiological abnormality, 
although a definite clinical mass was palpable in four 
of these patients. However, in 19 other patients with 
carcinoma with a clinically palpable lump, a mass was 
demonstrated radiologically. In seven of the latter 
cases the presence of calcification contributed to the 
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Fic. 2, 
(a and B) Calcification in infiltrating carcinoma as seen in pre- 
operative mammogram and in surgical specimen (insert). 
(c) Caleification in a benign breast lesion (fibrocystic disease) 
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TABLE III 
CLINICAL AND RADIOLOGICAL FINDINGS OTHER THAN CALCIFICATION ON THE PRE-OPERATIVE MAMMOGRAMS OP 
PATIENTS WITH CARCINOMA AND BENIGN BREAST LESIONS 


Radiological findings other than calcification 


———MM—— 


Mass or disturbed 








ard ari TIAS Mrd rr t PIA eL Pe rm o e THIS UNA Ie ADI Me 






























Clinical findings architecture No other abnormality Total | 
Benign Benign Benign | 
Carcinomas lesions | Carcinomas | lesions | Carcinomas lesions 
Palpable mass | 19 6 + 4 | 23 
Palpable nodularity, no definite mass 0 2 6 8 | 6 
Nipple discharge no palpable 
abnormality ( 0 0 1 0 
Tenderness no palpable abnormality 0 1 | 0 | 0 0 


Mer rrr maa it aH tr tht erra rM HISP Mee rrr na tmo ta i APP Aa, 3 


No palpable or other abnormality 





MA Aeren amame papait riinan nne papan par heih eramana aa aaa a A AAAA e 


Total 


TABLE 


IV 
SPATIAL RELATIONSHIP OF CALCIFICATION TO OTHER 
RADIOLOGICAL ABNORMALITIES ON PRE-OPERATIVE 
MAMMOGRAMS OF PATIENTS WITH CARCINOMA AND BENIGN 
BREAST LESION 


Site of calcification 


Calcification only within mass 
or area of disturbed 
architecture 


Calcification within mass or 
area of disturbed architecture 
and surrounding tissue 


Calcification seen only in 
surrounding tissue 


Calcification unaccompanied by 
mass or area of disturbed 
architecture 


Total 





radiological diagnosis of carcinoma; in five the 
appearance of the mass was equivocal; in two the 
mass alone would have been considered benign. In 
12 cases the radiological appearance of the mass was 
diagnostic of a carcinoma, the presence of calcifi- 
cation being merely confirmatory. 

The spatial relationship of calcification to the mass 
when present is shown in Table IV. Where a mass 
was visible, the calcification was always found within 
the mass, as well as being present in the surrounding 
tissue in some cases (Fig. 3). This latter feature was 
clearly demonstrated in the stereoscopic projections. 
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TABLE V 
SIZE OF CALCIFICATIONS ON PRE-OPERATIVE MAMMOGRAMS 
OF PATIENTS WITH CARCINOMA AND BENIGN BREAST LESIONS 









| Benign | 
lesions | 


Size of the majority of 
calcifications 
1. Less than 500 um 


WAHRHEIT Umen AH P rr e ie Pret Pere e c WAM Na peser à ttr at AAA MIA fs doma nonet, here earum rae ata 


Carcinomas 
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* 13 of these cases contained some fine calcification less than 
500 pm. 
t 3 of these cases contained some fine calcification less than 
500 pm, 


In benign lesions there was a clinically palpable 
lump in only ten patients (Table III) and a mass was 
demonstrated radiologically in six of these. In four 
other cases without a definite clinical lump, mammo- 
grams revealed a mass in two and an area of disturbed 
architecture in two others. In the remaining 17 cases 
calcification was the only radiological abnormality. 
Where another radiological abnormality was present, 
the calcification was seen within the area of the 
abnormality in seven cases, and it was also deposited 
in the surrounding tissue in two other cases, but 
calcification was only in the surrounding tissue in 
one case (Table IV). 
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Fic. 3. 
Obvious infiltrating carcinoma with calcification within the mass and surrounding tissue extending towards the nipple. 


2. Size of calcification 

The size of the particles of calcification is shown 
in Table V. Usually a range of sizes was found (Fig. 
4), and the predominant size range was recorded. In 
those cases where the particles were more numerous, 
the range of size was wider. In both malignant and 
benign lesions particles varied from approximately 
100 jum to 1,500 um with an occasional larger particle. 
In only two carcinomas, both containing less than 
five calcifications, did all the particles measure over 
1,000 jum across. One carcinoma contained a single 
6 x 2 mm bilobed calcification; this patient had been 
treated with radiotherapy prior to mastectomy 


(Fig. 5). 


3. Number of calcifications 

The total number of calcifications seen within the 
area of the lesion is shown in Table VI. In only six 
carcinomas were there less than five particles, while 
in 16 the particles were too numerous to count. 

In six cases of benign disease the particles were 
also very numerous, but usually there were fewer 
than commonly seen in association with carcinoma. 


4. Distribution of calcification 

The spatial distribution of the calcification on the 
mammograms is shown in Table VII and was some- 
times difficult to classify. Localized clusters were no 


TABLE VI 


NUMBER OF CALCIFICATIONS ON PRE-OPERATIVE 
MAMMOGRAMS OF PATIENTS WITH CARCINOMA AND BENIGN 
BREAST LESIONS 


Benign 
Number of calcifications Carcinomas | lesions 
Less than 5 particles 


5-9 particles 


10—30 particles 


Uncountable 


Total 





problem, but often although the particles were 
densely packed and often uncountable, they extended 
over a considerable area of the mammogram. In the 
carcinomas this usually occurred when there was 
widespread intraduct change either confined to the 
ducts or associated with infiltration. A not uncom- 
mon pattern consisted of a dense cluster of calci- 
fications extending to the sub-areolar region. In two 
of the cases of carcinoma and two of the benign 
lesions the calcification was truly widespread; one 
of the carcinomas was multifocal and the other a 
case of in-situ lobular carcinoma with associated 
fibrocystic disease. Both the patients with benign 
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Fic. 4. 


Infiltrating carcinoma of breast containing a large area of 
numerous clustered calcifications with a wide range of size 
and no obvious mass. 


disease were thought to have carcinoma on clinical 
grounds, One elderly patient with a blood-stained 
nipple discharge had widespread duct papillomatosis 
and the other with contralateral im-situ lobular 
carcinoma had fibrocvstic disease. 

In patients with carcinoma and mammary dys- 
plasia of the remaining breast, there were sparse 
widely scattered particles elsewhere on the mammo- 
gram, in addition to the calcification associated with 
the carcinoma. 


Pathological features of carcinomas (both with and 
without calcification) and of benign breast lesions with 
calcification on pre-operative mammograms 
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Fic. 5. 


A single bilobed calcification occurring in a carcinoma 
treated with radiotherapy. 


1. Type of carcinoma 

Tables VIII-XI give an analysis of the histo- 
logical type of the carcinomas, the grade of the 
carcinomas (Bloom and Richardson, 1957), the 
pathological size of the tumours, and the number of 
involved lymph-nodes, comparing those with and 
without calcification on the pre-operative mammo- 
grams. The ten cases in which scant calcification 
was seen on histology, but not on mammography, 
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are included with the carcinomas in which calcifi- 
cation was not found on mammograms. It will beseen 
that the two groups contain similar tumours. 

The histology in the benign breasts showed a 
variety of disorders including fibroadenosis, cystic 


TABLE VII 


SPATIAL DISTRIBUTION OF CALCIFICATION ON PRE-OPERATIVE 
MAMMOGRAMS OF PATIENTS WITH CARCINOMA AND BENIGN 
BREAST LESIONS 















Spatial distribution Carcinoma | Benign 
Closely packed over localized 
area 







————M——M—X————— € —— —————— T 


Diffusely and evenly scattered 
throughout breast 






MAN Pet yn IA fr 


| Diffusely scattered throughout 
breast with one localized cluster 












TABLE VIII 


HISTOLOGICAL TYPE OF ALL CARCINOMAS BOTH WITH AND 













WITHOUT CALCIFICATION ON PRE-OPERATIVE MAMMOGRAMS 
| With* Withoutt 
Type of carcinoma calcification | calcification 
infiltrating duct carcinoma 
with associated in-situ duct 
change 18 24 
in-situ intraduct carcinoma 8 | 3 
Infiltrating tubular | 
carcinoma 3 1 | 
Infiltrating carcinoma with 
no in-situ change 1 5 
Infiltrating carcinoma | 
with in-situ lobular change 1 1 
Pera needed eine, Meaty Ree en Oe ser ET REE 
Mucoid carcinoma 1 | 0 
Intracystic papillary 
carcinoma 0 i 
EET RATE ene nee | —— M (PP Ó P Ee. et 
In-situ lobular carcinoma 1 | Q | 
LOTT ARAN RAN RTE TOR PIS, AME RO NINH AE EP i 
‘Total | 33 35 
Ren | 


*The two cases with calcification on pre-operative mammo- 
graphy and not on histology were both infiltratingcarcinomas 
with intraduct change. 

+ The cases with calcification on histology but not on pre- 
operative mammograms consisted of six infiltrating 
carcinomas with intraduct change and four infiltrating 
carcinomas with no in-sttu change. 
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TABLE IX 


GRADE OF CARCINOMAS BOTH WITH AND WITHOUT 
CALCIFICATION ON PRE-OPERATIVE MAMMOGRAMS 


=r 











Grade of carcinoma 


{Bloom and With Without | 
Richardson, 1957) calcification | calcification 

P E E A EEE SEE, 1 EORNGENREIS 
Grade I 5 i 
i an a i 
| Grade II 13 | 


| Grade II] 


Irma nen ba noel lari terete et HF AV ete S a HR Pathe Na mod Hv ary wear eer eyed rete Yo e AM PAM Dr TAA Bees 


| In situ carcinoma 





TABLE X 


PATHOLOGICAL SIZE OF CARCINOMAS BOTH SWITH AND WITHOUT 
CALCIFICATION ON PRE-OPERATIVE MAMMOGRAMS 


E————— EE ET PEE RET EE ERE EAT 


With Without 
Pathological size of tumour | calcification | calcification | 


In situ | 9 3 | 










Infiltrating carcinoma up 
to 1 cm 


— 





Infiltrating carcinoma 1:1- 


2cm 12 
Infiltrating carcinoma 

2:1-3 cm 10 
Infiltrating carcinoma over 

Sem 9 
Total 33 
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TABLE Xi 
LYMPH-NODES CONTAINING METASTASES 
AND WITHOUT CALCIFICATION ON 
OPERATIVE MAMMOGRAMS 


rhea ane AAA ER eet ia fet rh PAP ONO OAM IER UASAT 


TN 
PRE- 


NUMBER 


OF 
PATIENTS WITH 





Number of involved With Without 
axillary lvmph-nodes calcification | calcification 


———— Á—————— QR ER EE a 





All nodos negative 1i 
One to five nodes involved | 4 
Morei than Pvenodes " l 
involved ij 
‘Nodesnotremoved | n | 
“Tott | 33 
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disease, sclerosing adenosis, pink cell metaplasia, 
duct ectasia, duct papillomatosis and epithelial 
hyperplasia. 


2. Histological site of calcification in carcinomas 

In nearly all cases the calcification was present 
within malignant tissue. In all cases of in-situ duct, 
and in most cases of infiltrating duct, carcinoma 
with in-situ change, calcification was present in the 
necrotic debris in the centre of the malignant ducts. 
These were frequently located around the edge of the 
main infiltrating tumour mass, thus giving the 
appearance on the mammogram of calcification out- 
side the carcinoma (Fig. 3). In some cases, calcifi- 
cation was also found in benign ducts within and 
around the carcinoma as well as among the malignant 
cells and in a few cases (four) calcification was found 
only in benign ducts within and around the carci- 
noma. In the one mucoid carcinoma studied, calcifi- 
cation was seen within the mucoid stroma and in the 
irradiated carcinoma a large area of calcification 
similar in type to that often seen in fibroadenomas 
was present in the collagenous stroma. Large 
calcifications have since been seen in two more 
irradiated carcinomas. 


3. Histological site of calcification in benign breast 
lesions 
In benign breast disease, calcification was seen in 
the lumen of ducts and acini, in the wall of ectatic 
ducts, in areas of pink cell metaplasia, and in stroma. 


4. Histological size and appearance of calcification 

The individual particle size in both malignant 
and benign lesions ranged from less than 10 j4m to 
500 i.m with aggregates of many particles measuring 
up to 1,500 zm. The microscopic appearances of the 
particles varied. The largest collections were seen 
within the necrotic material in the centre of malig- 
nant ducts (Fig. 6A and B) where the calcification 
appeared granular and was composed of numerous 
particles varying in size, usually irregular and angular 
in shape, but sometimes rounded or laminated. The 
overall texture of the calcification resembled that of 
the rather granular necrotic material in which it was 
deposited. This appearance was enhanced by the 
shattering of the calcium particles when sectioned. 
Frequently, calcification was seen only in the central 
portion of the necrotic material, but sometimes it 
was deposited around the periphery or was randomly 
distributed. This type of calcification was also seen 
in infiltrating areas of carcinoma and in benign 
tissue. However, in areas of infiltrating carcinoma 





both within tubules, among solid islands of malig- 
nant cells and within stroma, and in benign ducts and 
acini, the calcium particles were usually small, 
round, homogeneous or laminated, sometimes 
resembling psammoma bodies, occurring either 
singly, or in small groups (Fig. 7A and B). These 
latter calcifications sometimes appeared to be 
deposited within mucin present within the tissue. 
The calcification seen in areas of sclerosing adenosis 
nearly always consisted of small laminated particles 
(Fig. 8), but often larger round or irregular particles 
were seen in dilated benign ducts. 


Fic. 6. 


(a) Calcification in the centre of malignant ducts in an infil- 

trating and intraduct carcinoma. (Haematoxylin and eosin 

« 12:8.) (8) High-power view of the clusters of irregular calci- 

fication in the centre of the malignant ducts. (Haematoxylin 
and eosin x 80.) 
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Fic. 7. 
(a) Calcification in infiltrating carcinoma both within tubules 
and stroma. (Haematoxylin and eosin < 32.) (B) High-power 
view of rounded laminated calcification in an infiltrating 
carcinoma. (Haematoxylin and eosin x 128.) 





Fic. 8. 


Calcification in sclerosing adenosis. (Haematoxylin and 
eosin x 32.) 


DISCUSSION 


In the detection of fine calcifications it has been 
shown that xeroradiography has advantages over the 
conventional method, and, in many cases, provides 
additional radiological detail under the exposure 
conditions described. Although the quality of the 
PE 4006 and Medichrome films were found to be 
comparable to each other, the Medichrome film, 
used with an intensifying screen, has obvious 
advantages in sensitivity, whilst its specially designed 
viewing system affords a facility often neglected in 
radiology. 

The deterioration of the image on film as the 
X-ray beam is hardened imposes restrictions on the 
conditions of use which aie not experienced in 
xeroradiography. 

In all of the techniques it was found that fine 
particles were more easily detected when they were 
located in groups of varying sizes; this would suggest 
that the presence of the larger particles provokes 
closer local scrutiny. No attempt has been made to 
illustrate the comparative appearance of calcification 
shown bv the various recording media, as it will be 
appreciated that detail in conventional radiographs 
does not reproduce well and would be shown to 
disadvantage. 

The importance of detecting fine particles is em- 
phasized in the above study since 11 of the carci- 
nomas contained predominantly fine calcification, and 
some fine particles were found in the majority of the 
other carcinomas (Table V). Benign lesions contain- 
ing a wide range of particle size generally exhibited 
less fine calcification. However, the proportion of 
lesions containing predominantly fine calcification 
was similar in both malignant and benign breast 
disease. Since completing this work, several more 
carcinomas containing only fine calcification have 
been seen and in at least two of these cases, the 
tumour was detected solely by the presence of calcifi- 
cation on the mammogram in the absence of any 
clinical or other radiological abnormality (Fig. 9). 
The results in Part I of this report indicate that 
such cases may well be missed by mammography 
using film techniques. 

When choosing a radiological technique, factors 
other than discrimination must of course be con- 
sidered. Patient exposure is particularly important, 
and it is appreciated that conventional film techniques 
using an intensifying screen will result in a reduction 
in patient exposure when compared with xeroradi- 
ography. This rather complex subject is discussed in 
detail in another paper shortly to appear in this 
Journal. 
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The problem of establishing characteristic pat- 
terns of calcification in malignant and benign breast 
lesions has been the subject of several papers 
(Levitan et al., 1964; Gershon-Cohen, Berger and 
Curcio, 1966; Wolfe, 1966; Egan, 1969; Minagi, 
1969; Koehl et al., 1970; Rogers and Powell, 1972). 
In the past most authors seem to have minimized 
the difficulty in distinguishing between the two. 
However, with increasing experience, there is a 
growing awareness that there is no definitive pattern 
that is pathognomonic of either condition, and 
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Fic. 9. 


An impalpable infiltrating carcinoma found by a small 
cluster of fine calcification (arrowed and insert). 


certainly at this hospital differentiation is still con- 
sidered a distinct problem. Although the results of 
this study confirm that malignant calcification is 
more frequently associated with a mass, more 
numerous and closely packed, and usually includes 
finer particles, none of these features are definitive 
and none can be taken in isolation. On many 
occasions malignant and benign lesions are indistin- 
guishable, as illustrated in Figs. 24 and B and 104 and 
B. ‘This agrees with the findings of Fisher, Dow and 
Posado (1973) who, after radiological examination of 
breast tissue slices containing malignant and benign 
lesions, concluded “that there is no distinctive 
pattern of calcification which per se is pathogno- 
monic of mammary carcinoma". 

The radiological density and shape of the particles 
of calcification is not recorded in this study as these 
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Fie. 10a. 
Fairly widespread calcification in a case of infiltrating carcinoma with in-situ intraduct change. 


features have not been found helpful in distinguish- 
ing between malignant and benign lesions (apart 
from the obvious coarse “benign” calcifications of a 
fibroadenoma or duct ectasia). It was also found 
impractical to determine the shape of fine particles. 

Reports on the incidence of calcification in carci- 
noma of the breast in pre-operative mammograms 
using conventional film, range from approximately 
30-40 per cent. When tissue blocks or slices of 
specimens are examined, higher percentages are 
reported, usually ranging from approximately 
40 to 60 per cent (Leborgne, 1953; Shepherd, Crile 
and Strittmatter, 1962; Levitan et al., 1964; Black 
and Young, 1965; Gershon-Cohen et aL, 1966; 
Egan, 1969; Koehl et al., 1970; Rosen, Snyder, Foote 
and Wallace, 1970), although an incidence as high 
as 86 per cent has been found by one group of work- 
ers (Fisher et al., 1974). Calcification was demon- 
strated on pre-operative mammography in 48:5 per 
cent of patients with carcinoma in this study. This 
slightly higher incidence may largely be accounted 
for by the easier visualization of fine particles by 
xeroradiography. 

There were, however, some cases in which 
occasional small calcifications seen on histology, 
were not demonstrated on the pre-operative mammo- 
gram. For the purposes of this study, these were 
grouped with the cases in which calcification was not 
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seen either on radiology or histology since it is con- 
sidered that multiple sections of any carcinoma may 
well reveal many more small foci of calcification. 
Such small particles can be detected on the pre- 
operative mammogram only when they are more 
numerous and close together. Radiological examin- 
ation of surgical specimens of breast lesions did not 
reveal significant additional amounts of calcification 
in this study in contrast to the findings of other 
workers using conventional film (Bauermeister and 
Hall, 1973; Egan, 1969; Rosen et al., 1970). This is 
consistent with the results in Part I which showed 
that fine calcification within mastectomy specimen 
and in phantoms is more easily demonstrated by 
xeroradiography. 

There are few reports on the incidence of calci- 
fication in benign breast discase in pre-operative 
mammograms. An incidence of 23 per cent has been 
reported (Rosen et al., 1970; Koehl et al., 1970) 
based on specimen radiography using film. The 20 per 
cent incidence in this series seen on pre-operative 
mammograms compares extremely favourably with 
this figure. 

The histological size of the majority of the calcifi- 
cations appeared smaller than the radiological size. 
To clarify this, selected thin 0-5 cm slices of breast 
tissue containing many calcifications of various sizes 
were cleared with xylene and the calcifications 
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Fic. 10B. 
Similar widespread calcification in benign breast disease 
(fibrocystic disease). 


stained using alazarin red. The calcifications in the 
cleared tissue were then measured microscopically, 
photographed, radiographed within a fat-equivalent 
phantom using both film and xeroradiography, and 
the specimen finally processed histologically. The 
particles were measured on each occasion. This 
showed that the discrepancy in size was due to a 
number of factors including: 

(1) the edge effect of xeroradiography; 


th 
vw 


(2) the irregular shape of the calcifications which 
are only occasionally sectioned across their 
greatest diameter; 

(3) the fact that several small particles in close 
proximity appear as a single calcification radio- 
logically. 

This technique using cleared specimens has also 
proved valuable in some of the subsequent work, 
which includes the evaluation of image quality 
under other film-screen combinations, and the 
investigation of the effect of exposure parameters 
(including patient movement) on the apparent 
radiological density and shape of particles. 

The histological site and appearance of calcifica- 
tions described above is similar to findings by other 
workers (Levitan et al., 1964; Patton et al., 1966; 
Gershon-Cohen et al., 1966; Hassler, 1969; Koehl 
et al., 1970). However, although the appearances of 
the particles varied, no one type was peculiar to 
either malignant or benign lesions. 

The appearance of the calcification is possibly 
determined by the nature of the tissue in which it is 
deposited rather than the histological type of the 
surrounding cells. The irregular calcification typi- 
cally seen in the centre of malignant ducts seems to 
be deposited in degenerating and necrotic cells. ‘The 
round or laminated particles usually seen amongst 
infiltrating tumours or in benign ducts are often 
deposited among mucinous secretions, When located 
in the stroma, the calcification has presumably 
remained trapped after the original surrounding 
epithelial cells have degenerated and disappeared. 
Comparison of carcinomas containing calcification 
and those in which calcification was not demon- 
strated in pre-operative mammography shows that 
the tumours are similar in respect of their histological 
type, grade (Bloom and Richardson, 1957), patho- 
logical size and the number of involved axillary 
lymph-nodes. 

CONCLUSIONS 

Smaller particles of calcification have been detec- 
ted within breast tissue using xeroradiography than 
were demonstrated using conventional film tech- 
niques. Visualization of all fine calcification is en- 
hanced by the use of this technique. These advantages 
may be attributed to the “edge effect” combined with 
the wide exposure latitude of the xeroradiographic 
process. This technique may also be used with 
radiation beams of harder quality which are gener- 
ally considered unacceptable for use with film 
techniques. 

Calcifications of varying size are found in many 
carcinomas. The detection of fine particles is par- 
ticularly important when they are the only indication 
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of an occult carcinoma. No definitive features are 
found distinguishing between calcification occurring 
in malignant and benign breast lesions. No difference 
is found in the pathology of carcinomas containing 
calcification and those without calcification. The 
incidence of calcification recorded on the pre- 
operative mammograms in cases of carcinoma of the 
breast in this series is 48-5 per cent. This relatively 
high incidence is attributed to the easier visual- 
ization of fine particles using xeroradiography. 
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ABSTRACT 

A report of six cases and their radiological diagnosis in 
neonates. ‘Total colonic aganglionosis (TCA) is a variety of 
what is commonly known as long segment Hirschsprung’s 
disease. This is not a rare condition, but is often unrecog- 
nized. It has a high mortality, frequently with a complicat- 
ing enterocolitis. Aganglionosis of some part of the colon 
should be suspected in all babies who show obstructive 
plain film changes. In TCA the barium enema chi inges may 
easily be passed as unremarkable. However, free ileal reflux 
during the examination, with a transition point in the ileum, 
and retention of barium in the entire colon after the exam- 
ination, are diagnostic. 


The term Hirschsprung's disease cannot correctly 
be applied to total colonic aganglionosis, as the 
original description implied a megacolon, and there- 
fore only correctly applies to aganglionosis involving 
the distal colon (Ehrenpreis, 1970). The absence of a 
dilated proximal colon makes diagnosis difficult, 
leads to delay in treatment, and to high neonatal 
mortality. We do not agree with Sane and Girdany 
(1973) that radiographic findings are not diagnostic. 
Previous reports of barium enema diagnosis have 
been made by Berdon, Koontz and Baker (1964), 
Frech (1968), Chandler and Zwiren (1970) and 
Deffrenne, Daudet and C happuis (1971). 

Congenital aganglionosis is a common cause for 
intestinal obstruction in the young infant. In a six- 
year period (1969-74) at the Red Cross Children's 
Hospital, Cape T'own, 80 per cent of the cases of this 
condition presented in the neonatal period, an aver- 
age of twelve per year (Cremin, 1974). The great 
majority were of the “short segment" type, length 
5-25 cm, and involving only the rectosigmoid colon. 
There was an average of two cases per vear of the 
"long" segment variety, in which the colon proximal 
to the rectosigmoid junction was involved. In the 
latter group, six patients were seen during the six- 
year period in whom at least the entire colon was 
involved and details of these cases follow. 

Case Reports 
Case 1 
This female infant, who was born normally at term, was 


admitted in a dehydrated state at six davs of age because of 
bilious vomiting and bloody diarrhoea for three davs. 


Radiological features 

The plain radiograph of the abdomen showed evidence of 
dilation of the small bowel with multiple fluid levels. The 
inverted lateral radiograph showed no gas in the rectum. 
Hirschsprung's disease was suspected, and a careful barium 
enema done. The barium flowed without obstruction to the 
caecum with free reflux into the terminal ileum, a high 


to 
‘J 


degree of incompetency of the ileo-caecal valve being noted 
during the examination. The injection of the barium was 
discontinued immediately and it was noted that the distal 
4 cm of the terminal ileum were extremely narrow (Fig. 1). 
Proximal to this, the ileum was dilated and the transition 
zone between narrowed and dilated segments was gradual, 
being approximately 3 cm in length. ‘The whole of the colon 
had an abnormal appearance (Fig. 2); the walls were shaggy 
and irregular in outline. Deep indentations of the wall were 
present, representing an abnormal and inefficient contractile 
pattern, The colon was normally situated, but lacked the 
redundancy usually seen in the rectosigmoid region. The 
24-hour radiograph (Fig. 3) showed some retention of 
barium throughout the colon, despite the presence of 
enterocolitis. 

The diagnosis of total colonic aganglionosis was made and 
an ileostomy performed. After correction of the dehy- 
dration and improvement of the child’s general condition, 
multiple biopsies were taken, which confirmed the extent of 
the aganglionosis. The child has improved clinically with 
no further surgery to date (six months). 


Case 2 

This male infant was admitted aged one month after a 
normal full-term delivery. The baby had diarrhoea and 
vomiting for one week prior to admission, and had been 
treated for gastro-enteritis. Preliminary examination re- 
vealed a distended abdomen in a slightly dehydrated infant. 


Radiological features 
Plain radiographs of the abdomen showed dilated loops of 
small bowel with fluid levels, and the inverted lateral 





1. Clase I. 


Barium enema showing reflux into narrowed terminal ileum 
(arrow) which dilates into a transition zone. 


Fic, 


VoL. 49, No. 577 
B. J. Cremin and R. L. Golding 





Fic. 3 ( asi 


> ) Y yes 
Fic. 2. Case 1. |l wenty-four hour delayed radiograph showing foreshortened 


Barium enema showing irregular colon from enterocolitis color ind limited retention of bariu: |i due to the presence ol 
and free reflux into dilated ileum (arrow). enterocolitis 
radiograph showed an “egg on end" appearance, with no showed retention of barium in the colon which had a mark- 
gas present in the rectum (Fig. 4). An inexperienced edly irregular contour with man. hne rippled areas. The 
examiner reported on the barium enema as normal: tl small bowel showed obstructive features. On the basis of 
lack of redundancy of the rectosigmoid and splenic flexures these ippearances, a diagnosis of colitis « omplicating a total 
the slightly rippled contour and the immediate reflux iganglionosis of the colon was suggested. The diagnosis was 
into the dilated terminal ileum were not appreciated (Fig. : proved at biopsy but the child has been lost to follow-up. 
Our normal procedure of a 12-hour film was not follow: 
and a further radiograph of the abdomen was not taken until Case 4 
six days later (I ig. 5) This showed dilated loops of small l'his male infant (two weeks post mature) was admitted at 
bowel and complete retention of barium in a colon that 24 hours of age, having passed meconium, but suffering from 
lacked redundant flexures. A diagnosis of total coloni bilious vomiting and abdominal distension 
iganglionosis was made and confirmed by multiple biopsii 
Unfortunately the child had an intragastric bleed and died Radiological features 
the following das Yt autopsy, total colonic aganglionosis u Plain radiograph of the abdomen showed dilated loops of 
again confirmed and in addition there was a pertorati mall bowel. The colon contained ome gas, and bubbl 
duodenal ulcer with associated generalized peritonitis ! econ mo Was present on the rigent side Abdominal 
bilateral bronchopneumonia. distension became gross and a nasogastric tube was passed 
nto the stomach for drainage, and produced bile-stained 
Case 3 fuid. At this stage a surgical obstruction was considered 
This was a 23-day-old female infant who dew ope ind a barium enema (Fig. 8) was done. This showed th 
diarrhoea and vomiting at the age of three weeks. T'hi presence of enterocolitis, with a shaggv colonic border ani 
symptoms persisted, and the continued vomiting led to deep indentations and an oedematous cobblestone mucosa 
barium enema at another hospital, here was free reflux into the terminal ileum which was 
ibre tor its distal five loops, but proximal to that it 
Radiol gical features vä dilated Phe 24-hour radiograp showed retention o! 
The colon was reported to have had a markedly irreg mly a small amount of barium. At this stage the child had 
border with irre gular areas of peristalsis. lhis was intel leveloped diarrhoea. In this case the transition point in the 
preted as colitis. A radiograph taken 12 hours later (Fig ileum was correctly identified and tl liagnosis arrived at 
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Inverted lateral radiograph showing a lack of gas in the 
rectum and ''egg on end” appearance. The apex of the egg 
points to the pels IS 


FG. ( 'ase 


but unfortunately the baby died some hours after examin- 
ation. Autopsy showed the presence of enterocolitis and 
TCA with involvement of the terminal ileum as well. 


Case 5 

This baby girl was transferred from another hospital 
at three weeks of age. She had had persistent bilious vomit- 
ing since birth. 


Radiological features 

A barium enema had been performed three days previous- 
Iv, and no abnormal features were reported, but there was 
free reflux into the terminal ileum. A radiograph taken on 
admission to our hospital showed small bowel obstruction 
and barium retained in à small contracted colon (Fig. 9). 
Multiple biopsies showed aganglionosis of the entire colon 
but despite an ileostomy, the child died from generalized 
sepsis. Post-mortem examination showed aganglionosis of 
the colon and the whole of the ileum. 


(ase 6 

This female infant, who had a normal full-term birth 
seven days previous to admission, had passed meconium 
stools, but had suffered from abdominal distension and 
recurrent bile-stained vomiting. A sibling had died in the 
neonatal period from vomiting of unknown cause 


Radiological features 
The plain radiographs showed obstructive fluid levels 


29 





Case 2 


Fic. 5. 


Barium enema showing free reflux into dilated ileum (arrow) 


and the inverted lateral film showed a small amount of rectal 
air, but none of the full rectal distension normally seen on 
taking an inverted film. The barium enema examination was 
performed in December, 1974, and was unremarkable 
except for immediate ileal reflux (Fig. 10). Proximal to this 
there were dilated gas-filled ileal loops. The ‘‘delayed”’ films 
at 12 hours showed barium retention, but the small amount 
of barium previously noted in the terminal ileum had now 
ditfused widely throughout ileum (Fig. 11). A film taken at 
48 hours showed the same barium retention with 
shortening of the colon, TCA was suspected and a lapar- 
otomy was performed. Ganglion cells were absent from biop- 
sies of the descending and left transverse colon, but in the 
small specimen obtained from the hepatic flexure, the 
aganglionosis was equivocal, so that right transverse colos- 
tomy was performed. The infant continued to suffer from 
alternating periods of diarrhoea and constipation associated 
with vomiting and abdominal distension. At four months of 
age the plain radiographs showed gross small bowel disten- 
sion, and the infant was re-admitted to the surgical wards 
At surgery, the small bowel was markedly distended up to 
the ileal-caecal valve, and further biopsies of the remaining 
segment of colon now established the diagnosis of total 
colonk aganglionosis. 


some 


DISCUSSION 
ICA is probably more unrecognized than rare, 
and our experience confirms the findings of Frech 
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FiG. 6. Case 2 
six-day film after barium enema showing retention of 
barium in a foreshortened colon with dilated gas-filled small 
bowel 


(1968) that total aganglionosis can be expected about 


once a year in a paediatric hospital. The sex incidence 


in TCA is more evenly distributed than the 3:1. 


male : female ratio of the short segment variety 


(Edelman et al., 1960). We suspect Hirschsprung " 


disease in all infants with a history of intermittent 
vomiting and diarrhoea who have multiple fluid 
levels on the plain radiograph. An inverted lateral 
radiograph that shows a deficiency of rectal gas and 
dilated small bowel giving an “egg on end" appear- 
ence (Deffrenne ef al., 1971 1974) is a 
reliable finding in this condition: all these cases have 


: Cremuin, 


a barium enema. TCA is suspected when the follow 
ing features are noted: 

Il. The colon fills relatively easily, and there mas 
no particularly abnormal features on fluoroscoy 
The colon frequently has a shaggy irregulai 


c 


contour or marked areas of abnormal rippli: 


> 
st} 


Golding 





Fic z ( (iseé ) 


I welve-hour film showing retention of barium and irregu- 


lar itres consistent wit! nterocolitis. 


These changes may be due either to entero- 
colitis or to irregular and non-effective colonic 
contractions, 

5. Free and rapid reflux occurs into the terminal 
ileum even when no particular effort is made to 
hil this portion of bowel. If the aganglionosis 
terminates in the terminal ileum, then a tran- 
sition zone and proximal dilatation may be noted 
in the terminal ileum. 

+. here is a disparity between the size of the colon 
and of the small bowel resulting in a mega-ileum 
which contrasts with the relatively narrowed 

colon. 


5. Retention of barium occurs in the whole colon. 


> 
| 





ie amount depending on the presence or not of 
enterocolitis. 

\ loss of the natural redundancy of the flexures 
d shortened 


of the infant's colon mav result in 
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Fic. 58. Case 4. 


Barium enema showing foreshortened colon and free retlux 
into narrowed aganglionic ileum (arrow) and proximal 
dilatation of gas-filled bowel. 


appearance. This is best seen in the delayed 
radiographs when the relatively contracted state 
has re-asserted itself. This is a feature that is 
easily overlooked or not apparent at Huoroscopy 
during the filling stage of the enema. 

These points need further elaboration. When 
gross obstructive features are seen in the plain 
abdominal radiograph, colonic aganglionosis, either 
partial or total, should be suspected. A barium 
enema must be done before rectal washouts are given 
to relieve the obstruction. 

Free and unprovoked ileal reflux occurred in all 
barium enemas done in the department, and was the 
single, most informative feature of the examination. 
When it occurs in suspected cases the enema should 
be terminated as reflux into the stomach with aspir- 
ation pneumonia has been reported (Castellino ef al., 
1968: Chandler and Zwiren, 1970). The aganglionic 


3] 


d 





Fic. 9. Case 35. 


Radiograph taken three days after barium enema showing 


retention of barium in a foreshortened colon, with small 
bowel obstruction. 


colon is incapable of normal peristalsis, so that 
contractions are liable to propel barium in a retro- 
grade direction up the small bowel (Hiatt, 1951). 
Total colonic aganglionosis is an incomplete term, 
as it may imply that the condition is limited to the 
colon, whereas in the majority of cases the small 
bowel at least in its terminal portion is involved. 
Enterocolitis is a common complication; it affected 
the whole colon in three of our six cases. The 
aetiology is uncertain, but an underlying vascular 
abnormality is possible, the autonomic nervous sys- 
tem controlling the tone of the vessels being im- 
paired in the same way as is the peristaltic activity. 
The foreshortening of the colon, particularly at 
the flexures, has been stressed by previous authors 
(Berdon, Koontz and Baker, 1964; Frech, 1963; 
Chandler and Zwiren, 1970; Deffrenne, Daudet and 
Chappuis, 1971). This is an extremely difficult sign 
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Fic. 10 Case 6 


Barium enema showing reflux into a narrow terminal ileur 


( arrow ) and small bowel obstru« tron proximal to this 


to evaluate, and requires extensive experience 
the appearance of the normal neonatal colon. Th 
delayed radiographs (Cremin, 1971; Cremin. Cvw 
and Louw, 1973; Cremin, 1974) best demonstrat: 
this appearance and are invaluable to show the rete: 
tion of barium. Unless immediate surgery has to b 
performed, the examination is not complete without 
them. 

TCA has been reported in later childhood 
(Stone, Hendrix and Schuster, 1965: Gerald, 1965 
but the pereat majority of cases dre seen as acuti 
emergencies in the neonatal period. When a barium 
enema in an obstructed infant features the diagnostii 
points set out in this paper, laparotomy with froze: 
section biopsies of the whole colon Is advised 
Only in this manner may a prompt and life-saving 


ileostomy be indicated. 


sry 
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-hour radiograph showing 
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bowel from reflux i 
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submitting the article for p 


C1 proved case of total col: 
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ABSTRACT 

Three hundred lumbar myelographies using a new 
water-soluble, non-electrolytic contrast medium, Amipaque, 
were assessed with reference to: 
1) the correlation between radiological and operative 

diagnosis; 

(2) the side-effects during and after the myelography. 

Myelograms of the same reliability as those obtained 
with other water-soluble contrast media were obtained. 
However, arachnoiditis as sequelae to previous myelography 
with oil-soluble and earlier water-soluble contrast media 
prevented the correct evaluation in some cases. 

‘Spinal anaesthesia was not necessary. There was no case 
of muscle spasms or other serious complication. 

Eight patients who were re-examined with Amipaque 
more than two months later revealed no evidence of arach- 
noiditis as sequelae to the first Amipaque myelography. 


Lumbar myelography with water-soluble contrast 
¿"emedia for the demonstration of disc herniation has 
been used extensively for over 25 years in all Scan- 
dinavian and in many Continental countries. The 
miscibility of the water-soluble contrast media and 
the cerebrospinal fluid (CSF) results in excellent 
outlining of the fine structures in the subarachnoid 
space including the root sleeves, and reliable 
diagnostic results are obtained. The first contrast 
medium to be used was Na-monoiodomethane sul- 
phonate (Abrodil, Conturex, Kontrast-U, Methio- 
dal, Skiodan) (Arnell and Lidstróm, 1931). It was a 
local irritant and necessitated a spinal anaesthetic. 
lothalamate meglumine (Conray 60 per cent, Con- 
ray Meglumine 282, Contrix 28) (Campbell et al., 
1964) was considered to be an advance, as spinal 
anaesthesia was not necessary (Ahlgren, 1969; Prast- 
holz: and Lester, 1970, 1972). However, early irrita- 
tive phenomena in the form of clonic muscle spasms 
were seen, and aseries of reports of complicating frac- 
tures of the femur, pelvis and vertebrae, and even 
death appeared (Irstam et al., 1970; Geller, 1971; 
Gonsette, 1971; Haase et al., 1973; Christensen, 1974), 
The dimerization product of iothalamate meglumine, 
iocarmate meglumine (Dimer-X) seemed to be 
less convulsive (Gonsette, 1971; Occleshaw and 
Holyland, 1971; Ahlgren, 1972; Skalpe and Talle, 
1973), and at the moment is the water-soluble con- 
trast medium of choice for lumbar myelography in 
many countries. Recently an increasing number of 
reports of adhesive arachnoiditis as a late sequel of 
myelography with water-soluble contrast media 
have appeared (Autio et al., 1972; Bidstrup, 1972; 





Halaburt and Lester, 1973; Radberg and Wennberg, 
1973; Ahlgren, 1973/4; Irstam and Rosencrantz, 
1973, 1974; Cécile et al., 1974; Irstam, Sundström 
and Sigsted, 1974; Liliequist and Lundstróm, 1974). 
These early and late side-effects have led to the 
search for better contrast media. The first experi- 
mental and clinical reports on the non-dissociable, 
water-soluble contrast medium metrizamide (Ami- 
paque) have been promising (Skalpe et al., 1973; 
Grepe, 1974; Hindmarsh, 1974; Klee and Præst- 
holm, 1975) and encouraged us to carry out the 
clinical trial reported here. 


MATERIALS AND METHOD 

The material consists of 300 consecutive lumbar 
myelographies performed on 284 patients in our 
department during the period November 1973 to 
November 1974. The sex and age distribution may 
be seen from Table I. 

Premedication consisted of 10 mg of diazapam 
by mouth the evening before the examination. 
The lumbar puncture was carried out with the 
patient seated on the X-ray table using a lumbar- 
needle with an outer diameter of 1-1 mm. After 
measurement of the CSF pressure and the removal 
of 7 ml. CSF for laboratory investigation, the con- 
trast medium was injected. The dose corresponded 
to 1,360-1,400 mg of iodine. For the first 100 
myelographies a solution isotonic with the CSF 
containing 170 mg of iodine per ml. was used. In 
the following 200 myelographies, 5 ml. of a solution 
containing 280 mg of iodine was injected. With 
this volume we obtained better contrast intensity 
when the following positioning was used. The films 


f TABLE I 
SEX AND AGE DISTRIBUTION IN 300 AMIPAGUE LUMBAR 
MYELOGRAPHIES 





p | | Total 
Age 3 y No. | K 
: 29 years | 146 | 20 | 36 | 1 
30—44 vears | 61 | 48 169 37 
45-59 years | 63 | 58 121 40 
| x 60 years | 16 | 18 34 | 11 
Total | 156 | 144 | 300 | 100 
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were taken with the patient lying on the X-ray 

table, the head-end of which was raised 20 deg. 

Films were taken in the supine and prone positions, 

in both oblique positions and in the lateral position 

with vertical beam. The technique so far was that 
used in our earlier procedure with Conray my- 
elography as described by Prastholm and Lester, 

1970 and Boisen and Lindholmer, 1971. 

After the examination the first 200 patients 
were kept lying in bed with the head-end raised 
15 deg. for 24 hours. The following 100 patients had 
the head end raised 15 deg. for only six hours and 
afterwards lay flat for a further 18 hours. On the 
basis of the differences in contrast dose and after- 
treatment the material can be divided into three 
groups: 

(1) In the first group the dose of Amipaque was 
8 ml. (containing 170 mg of iodine per ml.) 
and the patients were kept with the head-end of 
the bed raised 15 deg. for 24 hours. 

(2) In the second group the dose was 5 ml. (con- 
taining 280 mg of iodine per ml.), and the posi- 
tion after the myelography unchanged with the 
head-end elevated 15 deg. for 24 hours. 

(3) In the third group the dose was also 5 ml. (280 
mg of iodine per ml.), but the head-end of the 
bed was raised 15 deg. for only six hours. After- 
wards the patients were placed horizontally for 
18 hours. These six hours were based on a study 
of the resorption of Amipaque. On repeated 
radiographs the contrast had disappeared or 


could just be identified in the base of the sacral 
sac after six hours. 

A questionnaire was filled in for each patient. 
The first part of this concerned the doctor's report 
of the examination procedure including the patient's 
complaints during the injection of the contrast 
medium. The second part consisted of a doctor's 
interview of the patient more than 24 hours after the 
myelography. The duration of any complaints was 
registered. | 

All myelograms have been evaluated without 
knowledge of either clinical or operative findings. 

The following criteria for diagnosis were used: 
Disc herniation (prolapse) was diagnosed when a 
root pocket was shorter than the contralateral root 
pocket, most often accompanied by a local antero- 
lateral indentation in the contrast column and dis- 
location of a filum radiculare (Hirsch, Rosencrantz 
and Wickbom, 1969). 

A marked rounded defect behind a disc in the 
ventral contour of the contrast column without 
shortening of root pockets was called a disc pro- 
trusion. 

Post-operative scar tissue was characterized by a 
local, serrated defect in a root pocket or in the 
contrast column. 

In adhesive arachnoiditis there was concentric 
narrowing of the sacral sac and obliteration of 
lumbar and/or sacral root pockets. Often the longi- 
tudinal striation of the contrast column due to the 
fila radicularia had disappeared. 


TABLE II 
RADIOLOGICAL DIAGNOSES AND OPERATIVE FINDINGS 
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RESULTS OF MYELOGRAPHY 

In 70 patients the myelogram was evaluated as 
normal (Table H). Eleven of these patients were 
operated upon on clinical indications. In eight 
patients the operative findings were normal. in 
three patients a prolapse was found: one paramedian 
from the third lumbar disc, and two anterolateral 
prolapses from the fifth lumbar disc, one of which 
was dislocated 3 cm away from tts disc down into the 
sacral canal. 

In 228 patients a positive radiological diagnosis 
was made. Operation was performed on 182 of these 
patients. In 161 patients the radiological diagnosis 
was confirmed at operation. In further 13 patients 
there was good agreement between the radiological 
picture and the operative findings, but there were 
difhculties in diagnosing the actual lesion: in ten 
patients it was not possible to differentiate between 
a prolapse and scar tissue or adhesive arachnoiditis 
as sequelae of earlier operations and myelographies, 
and in three patients lesions other than a prolapse 
were found to obliterate the root pocket, viz., a swol- 
len nerve root in one patient found to have a radi- 
culitis, granulation tissue from a discitis, and 
extradural varices. In eight patients there was dis- 
agreement between the positive radiological diagnosis 
and the operative findings: four suspected prolap- 
ses were not found at operation (two discs were nor- 
mal and two only protruding). Four protrusions 
were found to be prolapses; two of these were para- 
median, 


SIDE Errects DURING AND AFTER MYELOGRAPHY 

Four patients complained of pain in one leg 
during the lumbar injection of Amipaque. Otherwise 
there were no immediate reactions to the injection, 
in particular there was no evidence of fall in blood 
pressure. 


TABLE HH 
COMPLAINTS AFTER LUMBAR MYELOGBAPHY WITH AMIPAQUE 
(300 CASES} 


| No. of | 

| patients | p^ 
Headache | 128 OR | 
Nausea ! 30 10 | 

| Vomiting | 9 | 3 

| Dizziness | 22 | 7 
Tinnitus i 4 
| Diplopia | 2 | | 
i Lambar pain 12 4 | 
Pain or paraesthesia in the | | | 
legs | 14 | 5 | 
Jerks in the legs | 1 
Retention of urine | 14 | 5 | 





After myelography 161 of 300 patients had 
one or more complaints. The most common of these 
was headache, which occurred in 128 patients (Table 
HHI). Every patient was examined for nuchal rigidity, 
which was never found. In 29 per cent of these cases 
the headache began within six hours of the examina- 
tion, in 37 per cent between 6 and 24 hours, and in 
34 per cent later than 24 hours. In 48 per cent a re- 
lationship between the upright position and the 
headache was mentioned, The headache often began 
when the patient was allowed to get out of bed 24 
hours after myelography. The duration of the 
headache is shown in Table IV. As there was no 
direct. relationship between the duration and the 
severity of the headache, we have graduated the 
headache according to the patient's activity in the 
post-myelographic period. In 52 per cent of 62 
patients with headache it was slight and did not 
interfere with the patient's normal activity in the 
ward or at home at the weekend. In a further 10 per 
cent a mild analgesic provided sufficient relief. In 
38 per cent the headache was severe and kept the 
patient in bed. One-half of these patients were free 
of headache when lving flat, whilst in the other 
half there was amelioration. 

Thirty patients had. nausea. for a short period, 
nine vomited. 

Twenty-two patients complained of dizziness. 
For this reason the blood pressure was measured 
before and repeatedly for four hours after the myelo- 
graphy in 25 patients; no fall in blood pressure was 
observed. 

One patient, who clinically had a right peroneal 
paresis and radiologically a normal myelogram, 
complained of lumbar pain and jerks in his right 
leg on the day after myelography. The jerks 
were not observed by us or by the staff on the ward. 
No patient had muscle spasms of the type observed 
after Conray and Dimer-X myelography. 





| TABLE iv 
DURATION OF HEADACHE IN 128 PATIENTS AFTER A MIPAQUE 
LUMBAR MYELOGRAPHY 
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Eight patients were re-examined with Amipaque 
after 2-11 months. There were no signs of compli- 
cating adhesive arachnoiditis. 


DISCUSSION 

'The diagnostic reliability of lumbar Conray my- 
elography was demonstrated by, among others, 
Ahlgren, 1969, and Prestholm and Lester, 1970. 
They found good correlation between the myelo- 
graphic and operative findings in 96 and 97 per cent 
of 99 and 78 cases, respectively. In the present 
material of 193 operated patients there was agree- 
ment between myelogram and operation in 94 per 
cent. In three of the 11 cases with disagreement a 
paramedian prolapse was found. In a further 6 per 
cent of cases it was difficult to differentiate between 
post-myelographic or post-operative changes and a 
prolapse. These changes were seen after Pantopaque 
myelography and high-dose Conray myelography, 
and after Abrodil and Conray myelography followed 
by operation. The clinical importance of these al- 
terations is still questionable, but their disturbance 
of the myelogram is evident. These difficulties have 
already been described by Fahrenkrug, Gottschalck 
and Højgaard in 1963. However, they described 
the changes as being solely post-operative. 

No serious complications were seen in connec- 
tion with Amipaque myelography. In particular 
there was no case of spasms in the lower extremities 
or convulsions, such as those seen after Conray 
and Dimer-X myelography. A high incidence of 
headache was rather troublesome. The time of 
occurrence, sex and age distribution with dominance 
of younger females, and the nature of this headache 
had the characteristics of the post-lumbar-puncture 
headache, but the incidence was somewhat higher 
than usually described (Tourtelotte et al., 1964). 
On the assumption that a relationship existed be- 
tween the post-myelographic positioning with the 
head-end raised and the high incidence of headache 
because of an increased leakage of CSF from the 
puncture hole in the meninges, we cut down the 
time with the head-end raised from 24 to 6 hours in 
the last 100 patients. In comparable groups consist- 
ing of the male patients we found an increase in the 
number of patients with headache from 18 out of 54 
patients positioned with elevated head-end for 24 
hours to 18 out of 36 patients with elevated head- 
end for only six hours. This unexpected increase in 
the frequency of headache indicates that conditions 
other than the leakage of CSF are involved in the 
occurrence of headache. There may well be a direct 
contrast-medium action on the central nervous 
tissue depending on concentration and exposure time. 


CONCLUSION 

This investigation shows that Amipaque is a 
contrast medium which fulfils many of the demands 
made of the ideal contrast medium for myelography 
(Di Chiro and Fisher, 1964). Like Conray and 
Dimer-X it can be used without spinal anaesthesia, 
and the resorption time makes supplementary films 
possible. Good visualization of the fila radicularia 
and root pockets is obtained, and ensures reliable 
diagnostic results. In contrast to Conray and 
Dimer-X no serious immediate side-effects and as 
vet no late sequelae have been seen. 

We therefore recommend the substitution of 
Amipaque for the contrast media hitherto employed 
for lumbar myelography in lumbago-sciatica. 
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Laboratory facilities and working procedures for the hospital 
preparation of radiopharmaceuticals, edited by D. M. Tavlor, 
P. H. 8. Smith and N. G. Trott, pp. v+ 58, 1975, 

(Royal Marsden Hospital and Institute of Cancer Research) 
Sutton. Price £1-00. 

This pamphlet reports the proceedings of a one-day forum 
arranged by the Departments of Radiopharmacology and 
Physics of the Royal Marsden Hospital to discuss the 
problems arising from the preparation of radiopharmaceutic- 
als in hospitals and to exchange views and information. It 
was attended by 23 physicists, 18 pharmacists, 7 nuclear 
medicine consultants, 4 technicians and 3 chemists. Ap- 
parently there were no hospital microbiologists present, 
with the result that the main discussion was on sterility and 
related problems and the radiation physics and protection 
aspects received relatively cursorv attention. 

This document must be regarded as required reading for 
anyone who is involved in any way in the administration of 
radioactive materials to hospital patients. Startíng from a 
review by Dr. D. H. Keeling on adverse reactions to radio- 
pharmaceuticals, it focuses attention on the main current 
problems. There follow several prepared papers on laborat- 
ory facilities and working procedures, but the greater part of 
the report covers the free-for-all discussion. This makes 
stimulating reading, but is lacking in objective and clear cut 
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44, 946—948. 


conclusions, since it appears that only the clinicians present 
were able to take an overall view of the problem in its wider 
context. However, as a result of this meeting, a working 
party has been set up to produce guidelines on radjo- 
pharmaceutical preparation, and its report will be available 
in due course. Meanwhile, the present document is best 
regarded as useful background material. _ 

In the period around 1950 many hospitals obtained irradi- 
ation units from. Harwell, and sterile materials, including 
labelled cells and proteins as well as short-lived isotopes, were 
prepared and used as a matter of course. One went to one's 
colleagues in the bacteriology department to learn the simple 
techniques which have been developed since the days of 
Pasteur for dealing safely with virulent pathogens. During 
the subsequent halcyon period, when everything could be 
bought off the shelf, a new generation has grown up and the 
old skills seem to have been lost. Unfortunately, it seems 
from the discussion at this meeting that there is a wide- 
spread impression that grandiose accommodation, facilities 
and titles, backed by duly appointed inspectors, can replace 
sound basic training of the operator, some native skill and 
elementary intelligence plus meticulous care. If this view 
prevails it augers ill for the patient, not to mention the 
taxpaver. 

N. VEALL 
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ABSTRACT 
A proved case of peame of the kidney due to 
lobar dysmorphism showed a ''central lucency" sign, dif- 
ferentiating this developmental variant from an enlarged 
column of Bertin. This sign is described in a further case. 


King, 
developmental pseudotumour of the kidney due to 
This pre- 


Friedenberg and Tena (1968) described a 
an excessive infolding of cortical tissue. 
sents as a localized mass, usually situated between the 
infundibula of the upper and middle calyceal groups, 
called 
(Azimi and Bryan, 
1969; 
1969; 
1969), "prominent 
1972), 

1972), "focal 
al., 1969) "renal 

1971; 1970). 
Charghi and his colleagues (1971) described a simi- 
lar congenital anomaly which thev called malposi- 
tion of a renal lobe or lobar dysmorphism, in which 


"prominent or en- 
1974 ; 
1972; 
1968: 
renal 


and has been variously 
larged column of Bertin" 
Felson and Moskowitz, 
Hartman 
Lopez, 
column" 
(Flynn 
hyperplasia" 
pseudotumour 


Green et al., 
and Hodson, King et al., 
1970; Meaney, 
(Braunstein ef al., 
and (Gittes, 
(Popky ef 

(Gooding, 


"benign cortical 
rest" cortical 
and 


Simon, 


not only cortex but also medulla were found deep 
within the kidney. Both these developmental vari- 
ants are thought to be due to an abortive attempt 
at duplication of the renal parenchyma (Azimi and 





Fic. 1. 


Case 1 


‘Ten-minute IVU 
right kidney with splaying of the adjacent infundibula. 


film showing a mass in the centre of the 


1971; 
1969: 


al ' 
al., 


et 
et 


Brvan, 1974 ; Green 
1972: Hartman and 
1968; Lopez, 1970). 


A further proved case of pseudotumour of the 


Charghi et al., 


Hodson, King 


kidney due to lobar dysmorphism is presented, 1 
gether with a second case. A radiological sign which 
differentiates this condition from an enlarged column 
of Bertin is described and correlated with the histo- 
logical appearances. 


24 





Fic. 2. . Case ]. 


Right selective renal arteriogram: arterial phase: antero- 

posterior. Showing slight displ; cement of the interlobar 

arteries by the central mass. (The lower pole was supplied by 

an accessory vessel arising from the aorta just proximal to 
the bifurcation.) 
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Case REPORTS 

Case 
A 52-year-old woman presented in August 1973 with a 
four-month history of intermittent painless haematuria 
Urographv (Fig. 1) demonstrated slight splaving of the 
infundibula of the upper and middle calvces of the right 
kidney by an apparent central mass, associated with a short 
middle calyx. The appearances were thought to be due to a 
pseudotumour. Urine cytology and cystoscopy were normal 
Urine culture showed a significant growth of coliform bacilli 
Following a course of Co-trimoxazole her urine 


l 
52 


he anm 
sterile 

In January 1974 angiography was performed because of 
persistent haematuria. The arterial phase (Fig. 2) demon- 
strated slight displacement of the interlobar vessels by the 
central mass, which, in the nephrogram phase, showed a 
dense blush surrounding a clearly defined central lucene, 
(Fig. 3). No pathological vessels were seen, even after 
adrenalin. The angiographic appearances were those of 
pseudotumour. It was postulated that the 
represented centrally placed medulla within the malposi- 
tioned cortex 

Malignant cells were found in the urine for the first 
time in September 1974. Repeat urography demonstrated 
cut-off of the infundibulum of the right upper calyceal 
group. A diagnosis of transitional cell carcinoma was made 


NOI - 
d 
radiolucencs 
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Case 1. 


Right selective renal - arteriogram:. nephrogram 
LPO. Showing a dense blush surrounding a central lucene, 
the “‘central lucency” sign (arrow), 


phase 


4() 


and a right nephroureterectomy was performed. Pathological 
examination confirmed the presence of a transitional cell 
carcinoma involving the upper calyces. The mass in the 
centre of the kidney was a pseudotumour due to loba: 
dysmorphism, composed of normal renal cortical tissue 
surrounding a central core of medulla (Fig. 4). There was 
an associated small draining calyx 


Case 2 

A 37-year-old man was found in July 1974 to be hyper 
tensive with left ventricular hypertrophy and retinopathy 
Urinalysis was normal. Urography (Fig. 5) suggested the 
presence of a mass in the centre of the right kidney. Angi 
ography demonstrated slight stretching of the interloba 
arteries around the mass, which showed a dense blush con 
taining a central lucency in the nephrogram phase (Fig. 6) 
The left kidney was normal and renal cause for the 
hypertension was found. The right kidney was not explored 
as the appearances were thought to be those of lobar dys 
morphism. He responded to hypotensive drugs and has 
remained well 


no 


DISCUSSION 


Both patients show the well-documented uro- 
graphic and angiographic features of developmental 
pseudotumour of the kidney: an apparent mass caus- 
ing slight splaying of the infundibula of the uppe: 
and middle calyces, some form of duplication of the 
collecting system, a small draining calyx, splaving of 
the arteries around the and a 


interlobar mass, 





FIG. 4. 


Longitudinal section through the right kidnev showing a 
transitional cell carcinoma involving the upper calyces and a 
pseudotumour due to lobar dysmorphism in the centre of the 
kidney, darker cortex surrounding the paler medulla (arrow) 
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dense blush in the nephrographic phase of the ar- 
teriogram. However, in addition, both cases showed 
a clearly-defined radiolucent area within the dense 
blush, the "central lucency” sign, which in one pa- 
tient (Case 1) proved to be due to centrally placed 
medulla within the The 
"central lucency” sign thus indicated lobar dysmor- 
phism. 

There is one previous report describing a central 
lucency in an unproven case of lobar dysmorphism 
(Charghi et al., 1971). However, the appearance is 
probably not uncommon, for review of the literature 
has revealed several cases of pseudotumour of the 
kidney in which the sign 1s 
illustrated, although not described (Popky et al., 
1969; Simon, 1970). The same appearance, described 
by Flynn and Gittes (1972), proved to be due to a 
benign cyst within a large cortical rest, 


malpositioned cortex. 


"central lucency” 
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Fic. 5. 


IVU film: RPO, Showing an apparent mass in the centre of 
the right kidney. 


It is essential to recognize pseudotumours due to 
normal renal tissue in order to avoid unnecessar\ 
surgery. There has been recent emphasis on tech- 
niques such as nephrotomography (Azimi and 
Bryan, 1974; Green et al., 1972) and scintigraphy 
(Braunstein et al., 1972) to make the diagnosis. On 
nephrotomography a pseudotumour due to an en- 
larged column of Bertin is of homogeneous density 
equal to or greater than that of the surrounding 
parenchyma. Nephrotomography was not carried 
out in either of our cases but it is not unreasonable 
to assume that the presence of centrally-placed 
medulla within the malpositioned cortex might 
affect the uniform density of the mass. 

Although the "central lucency” sign may be due 
to a cyst within a cortical rest (Flynn and Gittes, 
1972), the present evidence suggests that it is more 
likely to indicate a pseudotumour due to lobar dys- 
morphism. In cases where there is doubt as to the 
nature of a central mass this sign provides useful 
pseudotumour of the 


confirmatory evidence of 


kidney. 
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Right selective renal arteriogram: nephrogram phase: RPO 
Showing the "central lucency” sign (arrow). 
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Book review 


N.C.R.P. REPORT, No. 43, 19735. Review of the Current 
State of Radiation Protection Philosophy. (Recommendations 
of the National Council on Radiation Protection and 
Measurement), pp. v+ 50. 

This report is a position statement by the NCRP follow- 
ing the publication of two reports, one by the United 
Nations Scientific Committee on the Effects of Atomic 
Radiation (UNSCEAR, 1972) and the other by the National 
Academy of Sciences Advisory Committee on the Biological 
Effects of lonising Radiations (NAS-BEIR, 1 972). While the 
two 1972 reports are based on the same data, they often 
draw different conclusions and make different assessments 
of the biological effects of radiation. The NCRP therefore 
decided to review these reports “‘for the purpose of identi- 
fying differences, their significance, and especially how thev 
relate to the NCRP's recommendations relative to permis- 
sible exposures or dose limits for the public". One of the 
major issues is the formulation of risk estimates at low 
doses and low dose-rate by extrapolation from dose-inci- 
dence curves at high dose and high dose rates. 

In Chapter 2, which deals with the current position of 
the NCRP, it is made clear that they continue to hold the 
view that risk estimates made in this way cannot be expec- 
ted to provide realistic estimates of actual risks at low levels 


and that resulting estimations could, therefore, be of only 
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marginal value. The remainder of this chapter discusses the 
relationship of risk estimates in relation to the benefits to 
society and concludes that before considering further re- 
striction of radiation protection standards it is important to 
attain realistic values for risk. | 

‘The similarities and differences between the two 1972 
reports are analysed in Chapter 3. Many similarities exist 
as, for example, that risk estimates per unit dose in the 
range of observed data are derived from a linear hypothesis 
and the likelihood of no absolute dose threshold for car- 
ciniogenic and genetic effects. The NAS-BEIR report differs 
in that it presents numerical estimates of risk at levels 
well below the observed data levels extrapolating by fac- 
tors of 103 in dose and 10° in dose-rate. Differences in the 
utilization of data regarding the variation of neutron RBE 
with dose are also discussed. 

The final chapter is an historical review of the subject 
of the report and its relationship to dose limits to the 
population. | 

Although some of the discussions in this report tend to 
be rather repetitive, it attempts and succeeds in its attempt 
to outline current policy and the dangers of using present 
data in making risk-benefit evaluations. 

T, BRYANT. 
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ABSTRACT 

Experiments were set up to assess quantitatively the 
problem of detecting, by scanning and gamma-camera, 
labelled pulmonary emboli in the presence of background 
radioactivity. In vitro, a relative concentration of radio- 
activity of 2:1 was required to detect a 1-1 cm diameter “hot 
spot". 

The results i vivo suggest that the level of radioactivity 
of a pulmonary embolus situated in the centre of the lung 
field should be at least six times that of the circulating blood. 


Although lung scanning with 98Tc™-MAA has 
become an established procedure for the detection 
of pulmonary emboli, it has been shown that other 
disease processes can produce similar scan abnor- 
malities (Linton et al., 1971). In order to improve the 
accuracy of diagnosis of pulmonary embolism, many 
attempts have been made to visualize an embolus as a 
"hot spot" using a specific radiochemical label. A 
variety of radiopharmaceuticals have been tested in 
experimental thrombo-embolic situations; these 
include !?!] or 99 T'cem-labelled plasminogen (Gomez 
et al., 1963); plasmin (Ouchi and Warren, 1962); 
fibrinogen/fibrin antibody (Spar ef aL, 1969); 
streptokinase (Dugan et al., 1973), urokinase (Rhodes; 
et al., 1972); and leucocytes (Kwaan and Grumet, 
1972). Many of these compounds have been 
effective for embolus detection at the experimental 
stage, but clinical application to pulmonary embolus 
diagnosis has not been convincing. 

Recent studies zm vitro and im vivo (Scully, 
Strachan and Kakkar, 1973; Strachan, Scully and 
Kakkar, 1974) have shown !?!I-plasminogen to 
possess a significant affinity for formed emboli 
and thrombi. However, the concentration of BIF- 
plasminogen into emboli to a level of four times 
blood background was insufficient for the detection 
of embolus using a gamma-camera. This failure was 
probably due to the difficulty of detecting the label- 
led emboli against the circulating background radio- 
activity. A series of experiments was carried out in 
dogs to determine some of the factors involved in: 
“hot-spot” visualization. In these experiments, arti- 
ficial pulmonary emboli were detected in situations 





*Present address: Department of Surgery, Queen Elizabeth 
Hospital, Edgbaston, Birmingham B15 27H. 
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“In vitro” 


where the quantitative relationship between the total 
radioactivity in the embolus and that of the circu- 
lating blood was known. 


METHODS AND MATERIALS 
studies 

A standard Williams phantom was used with wells 
of 0-6, 1-1, 1-9 and 3:8 cm diameter and 1:8 cm 
depth. These "hot spots" were surrounded by a 
background radiation with the same E on 
of radioactivity, but 0-9 cm in depth. The phantom 
was filled with a solution of 99T'em (pertechnate, 
4 u Ci ml?) and scanned with a Picker Magnascanner 
V fitted with a coarse focus collimator, Type No. 
2111. The control plane of the phantom was set at 
the focus of the collimator (5 in. in air). Photographs 
of the phantom were also made using a gamma- 
camera (Phogamma, Nuclear Chicago) fitted with a 
140 keV high resolution collimator, 


"In vivo" studies 

Two sets of experiments were performed: 
artificial emboli were prepared containing a known 
total amount of radioactivity. These were introduced 
into the dogs and the quantitative relationship 
between the embolus radioactivity and the radio- 
activity of the blood was followed continuously. The 
relationship was expressed as an embolus activity 
volume equivalent (EAVE), namely that volume 
(ml.) of blood with an activity equal to that of the 
embolus. 


Method A. 'Ywo greyhound dogs were anaesthetized 
with sodium phenobarbitone and 200 j4Ci !3!]. 
human serum albumin (Radiochemical Centre, 
Amersham, U.K.) were injected intravenously. 
After equilibration the labelled albumin provided a 
fairly constant blood background throughout the 
four-hour course of the experiment. A known 
volume of blood was taken and counted in a scintil- 
lation counter (Nal well). Artificial emboli were 
prepared from 1-5 to 2-0 cm lengths of 20 G bore 
tubing from an infant scalp vein set (Abbott, U.S.A). 


VoL. 49, No. 577 


M. F. Scully, C. J. L. Strachan, M. B. Clarke and V. V. Kakkar 


a 





Fic. 1. 
Picker scan of a Williams phantom alone (a) and overlaid with a uniform phantom (b). 


These were heat sealed at one end and the required 
quantity of !?![ solution instilled, followed by a 
similar volume of a radio-opaque solution (Hypaque). 
The other end of the tube was sealed and the tube 
embolised via the femoral vein. The positioning of 
the embolus in the pulmonary arterial tree was 
determined by radiography (Fig. 2a). The thorax 
was scanned with a Picker Magnascanner at a speed 
of 70 cm/min ! and the scans visually assessed for 
the presence of “hot spots". The data was con- 
currently recorded for storage and analysis off-line 
by an ICL-1905E computer. 


Method B. Two greyhound dogs were used after 
preliminary determination of their blood volume 
using the !!?[n" transferrin technique. Emboli were 
prepared as described above, but containing 99 T'cm. 
After embolization, Polaroid prints were made of the 
embolus using a Phogamma gamma-camera. 99'Tcm 
was injected intravenously in sufficient dosage to 


make the embolus invisible against the lung back- 
ground (Fig. 3a). Serial prints were made at 30- 
minute intervals for six hours, and as the blood 
background fell, the time at which the “hot spot" 
reappeared was noted (Fig. 3b). Blood samples were 
taken continuously to determine the embolus 
activity volume equivalent (Fig. 4). 


Scan and print analysis. Scans and prints were also 
examined to determine the recorded count-rates 
associated with the embolus and an equal area of 
background. The ratio/embolus count-rate: back- 
ground count-rate was correlated with changes in 
EAVE, 


(1) Scans: Similar areas of heart, lung and embolus 


radioactivity were marked out on the computer 
print-out of each scan (2c, 2f). The total count 
associated with each area was then computed. 

(2) Phogamma pictures: Negatives of the Polaroid 
prints were prepared and estimates of the maximum 
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Fic, 2. 


Radiograms (a, d), Picker scans (b, e), and computer print-out of the scans (c, f) of the heart, lung region of Dogs 1 and 2 
p BF | 
respectively. 


film density associated with areas of the heart, lung, 


liver and embolus were made with a densitometer 


(Baldwin Instruments, Kent, England), fitted with 
an 1 in. aperture. To find the relationship between 
the number of counts recorded by the camera and 
the film density; a point source was used to prepare 
Polaroid prints at different total counts. The maxi- 
mum film density of the recorded radioactivity was 
measured as described above and plotted as a log- 
arithm against the total number of counts. Under 
these conditions a linear relationship was observed 
up to 3,000 counts (Fig. 5). This graph was used to 
determine the relative difference in counts between 
various areas of the Phogamma pictures (‘Table II). 
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RESULTS 
"In vitro" 

The Williams phantom used in this series of experi- 
ments is constructed so that the ratio of radio- 
activity cm-? of “hot spot” is twice the radioactivity 
of the same area of background. On scanning this 
phantom the ‘hot spots" of radius greater than 1:1 
cm were discernible (Fig. !a). Computerized process- 
ing of the scan by a nine-point smoothing technique 
and also by subtraction of background counts failed 
to improve the resolution of the “hot spots". A "hot 
spot" :background ratio of specific activities of 2:1 
would therefore appear to be the minimum require- 
ment for visualization of the 1 cm embolus. 
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Phogamma pictures taker from the left-hand side of thi 


the ''hot spot in Dogs | and 4 re spectivt [ht 


lo determine the effect of superimposed bac! 
ground, the experiment was repeated but with the 
Williams phantom overlaid with another flat uniform 
phantom containing one-fifth of the radioactivity 
concentration per unit area. Under these conditions 
the ratio "hot spot” :background level was lowered 
the 1+] 


cm “hot spot’; and the 1:9 cm "''hot spot" Was ri 


to 1:92:1 and it was not possible to detect 


solved poorly ( Fig. | b). The presence or overi ny 
lung tissue containing background activity would be 
expected therefore to have an appreciable effect upon 


the visualization of labelled emboli 


site of each “hot spot” 


IUI » region before (a c) and after ) 1) the reappearan 


is indicated bv an arrow 


When the Phogamma gamma-camera was used it 


this imilar results 


experimental set-up wert 
ibtained. 
í In moo” 
Method A. Dog 1: The first embolus was of 


FAVE. It 


artery, 


moved to a rior basal segmenta 


poste 


and was not visible on scanning. A second 


embolus of 4 EAVE moved to a similar position t 
the first (Fig. 2a) and the two emboli together (total 
E AVE of 6) were visible on scanning from the right 


hand side (Fig. 2b). A third embolus of 4 EAVI 
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The change in EAVE (as defined in the text) during the 
disappearance of 9%Tc™ from the circulation. The arrows 
indicate the points at which the hot spot became visible. 


TABLE I 
"THE DISTRIBUTION OF COUNTS BETWEEN EMBOLUS AND NON 
EMBOLUS ON PICKER SCANS 

















| ‘Total 
number 
Dog Area of ‘Total | Counts/hot spot 
no, description elements) counts counts/area 
1 | Embolus H1 10 745 
Lung B1 10 568 1:3 
Lung B2 10 446 1-65 
Heart B3 10 1,048 0-71 
2 | Embolus H1 30 4,067 
Lung Bi 30 1,800 2:2 
Lung B2 30 2.127 1-9 
Heart B3 30 3,269 1-2 | 
Heart B4 30 3.196 1:3 | 
moved close to the heart and was not visible on 
scanning. 
Dog 2: The first embolus (4 LEAVE) lodged 


peripherally, and was not apparent on scanning. A 
second embolus of 16 EAVE lodged in the posterior 
basal segment of the left lower lobe (Fig. 2d), and 
was quite visible on scanning (Fig. 2e). 

The total counts associated with different areas 
of the scan are shown in Table I. The results in 
Dog 1 show that where the EAVE was 6 the ratio of 
counts from the embolus background with respect 
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Film Density (arbitrary units) 





2 3 


Counts recorded (K) 
Fic. 5. 
Graph relating film density on Phogamma pictures to the 
number of counts recorded by the Phogamma gamma- 
camera. (Background film density gave a reading of 0-3 units.) 


to two separate areas of lung background were 1:3 
and 1-65 respectively. 

In Dog 2, where the EAVE was 16, this ratio rose 
to 2-1:1. 


Method B. Dog 3: The embolus lodged in the 
anterior part of the basal segment of the left lower 
lobe. After intravenous injection. of background 
activity the embolus was not visible (Fig. 3a), but 
reappeared when the EAVE had risen to 7 (Figs. 3b 
and 4). On reinjection of further amounts of ?*Tom 
(Fig. 4) the EAVE dropped to 4 and the thrombus 
was not apparent. 

Dog 4. The embolus lodged in the left posterior 
basal region of the lung and the embolus became 
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TABLE H 
THE DISTRIBUTION OF COUNT DENSITY BETWEEN EMBOLUS AND 
NON EMBOLUS AREAS ON PHOGAMMA PHOTOGRAPHS 


Photo No. 


Embolus 
Lung 


Heart 
Liver 





Photo No. Description of source | 
Maps d E RAPAPPVERERRRRRRRRRRRRRREERRRRRRERRRRRRRRRRRRRRRRRRRERRRRERERERRRNRNNNE i 
1 Dog 3: 80 minutes post injection; liver | 
screened 
2 Dog 3: 160 minutes post injection; liver i 
unscreened | 
3 Dog 4: pre-injection of background; 
embolus oniy 
4 Dog 4: 120 minutes post injection; liver 
| unscreened 
5 Dog 4: 160 minutes post injection; liver 
| screened | 
i 





Counts are given as arbitrary units calculated according to 
the method described in the text. 


visible when the EAVE had reached 5 (Figs. 3c and 
d, Fig. 4). 

The results of analysis of Polaroid prints are 
shown in Table II. As indicated in Table II, on two 
of the photographs the liver region, an area of high 
background, was screened by a 2 mm lead sheet in an 
attempt to improve the resolution of the emboli. 

In Dog 3, the ratio of embolus to background 
recorded by the Phogamma gamma-camera was 
1-45:1 when the embolus activity volume equivalent 
was 7:5. When the EAVE rose to 10:5 the ratio rose 
to 1:6:1. 

In Dog 4, the embolus was sited more peripherally 
and at an EAVE of 6-5 the ratio of embolus to back- 
ground was 1:4:1. At 160 minutes the EAVE rose to 
8 and the ratio to 1-6:1. 


DISCUSSION 

In the first part of this study a determination was 
made of the effect of embolus size and activity upon 
its detection as a “hot spot" in vitro. A phantom 
used to represent emboli from 1-1 to 3 cm in size 
showed that, under ideal scanning conditions, a 
relative concentration. of radioactivity of 2:1 was 
required for the detection of a 1-1 cm "hot spot" by 
both the Picker Magnascanner and the Phogamma 
gamma-camera. However, the loss of resolution 
apparent after superimposition of a flat phantom 
with one-fifth of the concentration of radioactivity 


48 


indicated that such a level of relative activity might 
be insufficient under conditions in vivo. 

Method A, observing !?!I-labelled emboli in vivo 
showed that an EAVE of at least 6 was required to 
obtain visualization of an embolus lying in the centre 
of the lung. The background radioactivity to an 
embolus which tends to prevent visualization will be 
made up of vascular and extravascular components, 
and only the vascular component is used in the 
calculation of the EAVE values. Since there will be 
differences between the extravascular amounts of the 
99 Te and !3!T-albumin it is not possible to directly 
compare the EAVE values of method A and B. 
However, the results obtained by Method B. also 
suggested that an EAVE of at least 6 was necessary 
before the embolus became visible. These values 
will apply to emboli lying in the lung away from the 
heart. Higher relative concentration values would be 
necessary for emboli lying close to regions of high 
background, 7.e. heart and liver. This consideration 
might be important since 50 to 60 per cent of emboli 
are situated basally, close to the liver background 
(Tow and Wagner, 1967). 

From the reported results of radiopharmaceutical 
uptake, these results suggest that plasminogen 
(Gomez et al., 1963), plasmin (Ouchi and Warren, 
1962) and leucocytes (Kwaan and Grumet, 1972) 
may not be suitable for embolus detection under 
normal conditions but that streptokinase ( Dugan et al, 
1973), urokinase (Rhodes et al., 1972) and fibrinogen/ 
fibrin antibody (Spar et al., 1969) have sufficient 
affinity to be of use as thrombo-embolic scanning 
agents. 

The result of this work should be helpful in a 
search for radiopharmaceuticals suitable for the 
detection of formed thrombi and emboli. Recent 
reports have been concerned with setting up screen- 
ing procedures for such compounds in vitro (Scully 
et al., 1973; Strachan et al., 1974). 

These studies have indicated a significant corre- 
lation between the observed level of uptake of a 
proposed radiopharmaceutical by the thrombus i» 
vitro and the observed level of uptake zn vivo. The 
results reported here have determined a level of 
activity in the embolus relative to blood background 
which is the minimum required to obtain visualiz- 
ation of embolus. This value may serve as a basis for 
deciding by an m vitro screening procedure whether a 
prospective radiopharmaceutical will be suitable as 
an embolus-detecting agent. 
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Book reviews 


Les radioisotopes au service du diagnostic médical. Edited by 
J. Ingrand and M. Hegesippe, pp. 224, 136 illus., 1975 
(Paris, Masson and Cie). 

This is the second edition of this French handbook 
of in vivo and in vitro radioisotope tests. It commences with 
a brief résumé on generalities, followed by chapters on each 
of the systems or individual organs. The text is extremely 
brief, concentrating on a series of headings with a few 
comments on each subheading: normal and abnormal values, 
methods, dosimetry, etc. On the other hand, virtually every 
method of using radioactivity for diagnosis or treatment is 
documented. One of the main features of the book is the 
liberal use of references. These are divided into several 
sections. For example, the bibliography on the thyroid 
gland covers general interest papers, pathology, reviews, 
special techniques and quantitative papers and books. In 
this section alone there are 125 references. While the text 
and illustrations are French in origin, the references cover 
the world literature. 

The illustrations are not quite so good as might be expec- 
ted. Many are reproductions of the older-type black and 
white tapper scans. Thus the book is more valuable as an 
aide mémoire for nuclear medicine specialists rather than 
a text-book for the student. For the specialist it will also be 
valuable as a useful reference book to the kev papers on 
radioactive diagnostic methods. Naturally, being in French, 
its appeal will be limited. An English translation would be 
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Year Book of Nuclear Medicine. 1975 edition. Edited by 
James L. Quinn. 90 ills., pp. 399 (Lloyd-Luke (Medical 
Books) Ltd), £12-50. 

This Tenth Year Book of Nuclear Medicine appears in a 
new cover, but the contents follow the usual pattern. 

Most readers are aware that these year-books survey the 
literature of the appropriate speciality. The selected papers 
are expertly condensed into rather long abstracts. In this 
volume, nuclear medicine is interpreted widely, the book 
covering most aspects of radioisotope, diagnostic (and 
occasionally physiological) applications. The abstracts are 
well illustrated by figures and graphs. A volume such as this 
is particularly useful in that the selection of articles covers 
more journals than one would normally encounter in the 
average library. Usually the abstracts are quite sufficient to 
give the main points of the paper without further reference 
to the original paper. 

The Year Book of Nuclear Medicine is useful in that it 
refreshes the memory of articles already seen, brings new 
material to ones notice and gives a general survey of the 
subject. This year it makes the rather sombre point that 
there is no startling new development in functional studies 
to balance the impact which the EMI scanner will make on 
the imaging aspects of nuclear medicine. Nevertheless, there 
is a general impression of steady if less dramatic progress in 
the subject. This series can be thoroughly recommended for 
libraries, specialists and particularly those with just a 
passing interest. 


V. R. McCreapy 
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ABSTRACT 

Myocardial scintigraphy with phosphate bone scanning 
agents is a new and very useful development in the detec- 
tion of acute myocardial infarction. Initial experience 
using a rectilinear scanner is described in 50 consecutive 
patients admitted to hospital because of suspected myo- 
cardial infarction. The routine dose was 15 mCi/ 5 mg, 
"Tem stannous pyrophosphate intravenously with an- 
terior, left anterior oblique, and lateral scans obtained 
45-90 minutes after injection. 

There was only one false negative scan in 17 patients 
with proven acute myocardial infarction and that was 16 
davs after onset. There was no proven false positive inves- 
tigation in seven patients in which fresh myocardial infarc- 
tion could be definitely excluded, or in à further 11 cases 
in which it could be excluded with reasonable confidence. 
Myocardial scintigraphy was considered helpful in resolving 
the diagnostic pr oblem in 27 out of 29 equivocal cases. 

It is concluded that myocardial scintigraphy with a rec- 
tilinear scanner is a highly accurate and safe procedure in 
the detection of acute myocardial infarction. The optimum 
scanning time is two to six days after onset of suspected 
infarction, when a diagnostic accuracy approaching 100 
per cent can be expected. 


Ideally myocardial scintigraphy should be carried 
out in the Coronary Care Unit with a scintillation 
camera and indeed such cameras are now being 
produced commercially for use in intensive care 
units, with obvious wide application in the diagnosis 
of myocardial infarction, pulmonary embolism, 
deep vein thrombosis and other conditions. However 
very few units of this type are available at present 
and indeed relatively few acute general hospitals 
are as yet equipped with gamma cameras, though 
rectilinear scanners are more widely available and 
can, in our opinion, make a useful contribution in 
the diagnosis of acute myocardial infarction. 

The demonstration by Bonte and his co-workers 
(1974) that phosphate bone scanning agents accu- 
mulate in experimentally induced myocardial infarc- 
tions, marked a very significant advance in the 
development of radionuclide myocardial imaging. 
Hitherto most techniques had suffered from the 
disadvantage of presenting the infarction as a nega- 
tive inactive area with the radionuclide being 
concentrated in normal myocardium. Myocardial 
scintigraphy with 129Cs (Romhilt et aL, 1973) 
will not differentiate between old and recent infarcts 
and will miss most, if not all inferior wall lesions. 
The new method described by Bonte et al. (1974) 
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es the ioe of ope ta ee e acutely 
ratio o of up to 10:1. 

The method is based on the observation by 
D'Agostina and Chigo (1970) and Shen and Jen- 
nings (1972) that calcium is incorporated with 
hydroxyapatite within the mitochondria of myo- 
cardial cells irreversibly damaged from coronary 
occlusion. In the experimentally induced myocardial 
infarctions in anaesthetized dogs 99Tc* stannous 
pyrophosphate clearly demonstrated the area of 
infarction (Bonte et al., 1974) and the same workers 
(Parkav et al., 1974) successfully applied the tech- 
nique in detecting acute myocardial infarctions 
under clinical conditions. 

While a scintillation camera is the instrument of 
choice, the technique can also be applied using a 
rectilinear scanner and the purpose of this paper is 
to describe our initial experience of using rectilinear 
scanning in the detection of acute myocardial in- 
farction. 


MATERIAL AND METHODS 

The material consists of 50 successive patients 
who had satisfactory myocardial scans following the 
intravenous injection of 15 mCi/5 mg 99?Tc stan- 
nous pyrophosphate. Each patient was scanned 
45-90 minutes after the injection using a Selo 
D.S.8 rectilinear scanner with a 5 in. crystal. An- 
terior, 45 deg. left anterior oblique and left lateral 
scans were obtained. Anterior and oblique scans 
were normalized to 100 over the body of the sternum 
and lateral scans over the mid dorsal vertebrae, 
with contrast set to 50 per cent, minimum infor- 
mation density of 20,000 and a scanning speed of 
approximately 180 cm per minute. A low energy 
199-hole collimater with a focal depth of 10 cm 
was used for the anterior and left anterior oblique, 
and a collimater with a 15 cm focal length for the 
lateral scans. 

Patients referred for bone scans can be used to 
develop expertise and gain experience in the tech- 
nique and initially, myocardial scans were carried 
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out on six patients having skeletal surveys for metas- 
They 
are not included in the present series. 

All the patients had been admitted Galway 
Regional Hospital with suspected myocardial in- 
farction, but do not include all admissions to the 
Coronary Care Unit during the period under re- 
view. Seriously ill cases of acute myocardial infarc- 
tion and other patients requiring continuous moni- 
toring referred for The 
patients referred included 17 cases of unequivocal 
recent myocardial in 
which this diagnosis was not seriouslv considered 
after the initial period of observation and investi- 
gation. More than half the patients (29) had a known 
previous history of ischaemic heart disease with or 
without previously known infarctions. The 
consists of 38 males and 12 females ranging in 
age from 25 to 82 vears, with a mean of 60-8 vears. 
Apart from the exclusion of critically ill patients, the 


tases. all had negative mvocardial scans and 


were not investigation. 


infarction and seven cases 


Series 


series is unselected and can be considered a reason- 
ably representative sample of the material 
expected in routine practice in an acute general hos- 
pital. 

Generally the patients were referred for investi- 
gation some days after the onset of symptoms, when 
it was felt that continuous monitoring was no longer 
required, or when the patients were being trans- 
ferred from the Coronary Care Unit to a medical 
ward for further observation. With one exception 
all the investigations were carried out at least 24 
hours after the onset of chest pain or other symptoms, 
most of the patients being scanned at two to six days 
after the though the time from onset to 
scanning varied from 12 hours to 26 days with a 
mean of six days. During the period under review 
three further patients had unsatisfactory scans not 


case 


onset, 


considered diagnostic and have not been included 
The reason for the inadequate 
scans in those three cases was inadequate labelling 
of the pyrophosphate with excess free technetium 
reducing the target/background ratio. One patient 
included in the series had an unsatisfactory scan 
initially but this was repeated a few days later 
resulting in a satisfactory investigation. Six patients 
with initial positive scans had repeat scans to ob- 
and two with 
scans had repeat investigations which were then 


in the present series. 


serve progress patients negative 
positive. Two patients had two separate admissions, 
some months apart with a diagnosis of fresh infarc- 
tion and positive scans on each occasion. 

The scans were interpreted as negative, equivo- 
cal, positive or strongly positive, with the activity 
in the body of the sternum used as a guide to the 


‘a 





degree of activity. Negative cases were those in 
which there was no appreciable localized increased 
activity over background activity in the 
area. A localized accumulation of the isotope 
apparently equal activity to the sternum was con- 
1), of greater 
activity than the sternum as strongly positive (Fig. 2) 
and an indefinite area of activity less than that of the 
sternum as equivocal (Fig. 3). As far as possible an 
attempt was made to avoid equivocal reports, and a 


cardiac 
of 


sidered positive (Fig. obviously 


conscious effort was made not to overdiagnose in- 
farction. Where oblique and lateral scans were avail- 
able the infarct was reported as anterior, posterior 
or inferior in location but the exact localization was 
considered of less importance than the confirmation 
of recent infarction, and the lateral scan was omit- 
ted in cases with 
scans, and when the 
site of infarction. 


negative 
E.C.G. 


anterior and oblique 
already indicated the 


i 
A e A 


Fic. 1. 
Inferior. wall infarct, Positive. 
Left anterior oblique scan. 
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\ntero-septal infarct. Strongly positive. (A) Left anterio: 


obliqi 


ie scan. (B) Left lateral scun 


RESULTS 
, 


The results are summarized in Tables I and 11 


and correlated 


levels (S.G.O.T. 


with the EC CAE cardiac enzym 
and C.P.K.) and final diagnos: 


J1 
n3 


TABLE 1 
POSITIVI SCANS CORRELATED WITH OTHER FINDINGS 
No. of 
patients 
Po itive scans 28 
FC C. positive 11 
| { (3 eEquIvo al 15 
E.C.G negunve 2 
i mes elevated 12 
lus adiavnoasts 
(a) Recent myocardial infarct 27 
i) Doubtful recent infarction ] 
TABLE 11 


NEGATIVE SCANS CORRELATED WITH OTHER FINDINGS 


No. of 
patients 
Negative scans 20 
E.C.G. positive () 
E.C.G equivocal 13 
EC... negative 7 
| mes elevated | 


Final diagnosis 

(a) Recent mvocardial infarct 
(h) Doubtful recent infarct 
c) Other diagnosis | 





J Mo 


As critically ill patients were not referred for scan- 
ning, autopsy confirmation was not available in 
any case, though one patient with a stronglv positive 
mvocardial scan and other indications of a recent 
mvocardial infarction died subsequent to his dis- 
charge, apparently from a fresh infarction. The final 
diagnosis was the consultant physician’s final assess- 
ment oi each Case Or discharge trom hospital. As 
myocardial scintigraphy was a new, and as yet, 
unproven investigation in this hospital, this as- 
sessment was made independently of the scan find- 
ings. but taking into consideration the clinical pic- 
ture, physical findings and other relevant investiga- 
tions and progress to final discharge from hospital 

One patient included in Table I is considered to 
be an example of a slowly evolving infarct. He had a 
negative scan 48 hours after a transient episode of 
anterior chest pain and at that time his E.C.G 
and enzyme findings were normal. Two days after his 
first scan he developed severe continuous chest 
pain and his E.C.G. became indicative of inferio! 
wall infarction and his enzyme levels were raised 
\ repeat myocardial scan four days later was strongly 
positive. Another patient, also included in Table I, 

woman, was scanned only 12 hours after the onset 


JANUARY 1976 


Rectilinear scanning in the detection of acute myocardial infarction 


V V 


1 
j ' 


! 


b^ wd Y 


f 





Cyn 


MV 


Fic. 3. 

Doubtful lateral infarct. Equivocal, 
(4) Anterior scan. 

(B) Left anterior oblique scan. 


of her chest pain, when it was negative. She had 
recurrence of chest pain and a repeat scan 26 days 
later was considered positive, when her E.C.G. 
changes were suggestive of antero-septal ischaemia. 

The 11 patients with E.C.G. changes clearly 
indicating fresh myocardial infarction, all had posi- 
tive scans and so had 11 out of 12 patients with 
elevated cardiac enzyme levels. In the single pa- 
tient with a negative scan, it had been carried out 
l6 days after the probable onset of infarction. In 
all, 17 patients had clear-cut evidence of recent 
myocardial infarction either on E.C.G. and/or car- 
diac enzyme estimations, and 16 of those had posi- 
tive scans, with the negative scan already referred 
to carried out 16 days after the infarction. One other 
patient with a negative scan 15 days after the onset 
of chest pain had a doubtful posterior wall infarc- 
tion. The patient, a known hypertensive of long 
standing, was admitted in left ventricular failure, 
with E.C.G. tracings indicating left ventricular hy- 
pertrophy and strain, with a doubtful posterior wall 
infarct. 

Eleven patients had strongly positive scans and 
eight of those showed undoubted evidence of fresh 
myocardial infarction, with this diagnosis being 
probable, though not proven by other means, in the 
other three patients. In this group the interval from 
infarction to scanning varied from two to 18 days 
with a mean of 4-7 days, with the interval exceeding 
six days in only one case. Repeat myocardial scans 
were negative at 22, 26 and 51 days after infarction 
in three patients having initial positive scans and 
less positive in three patients at 13, 14, and 17 days 
after infarction. Two patients had two separate ad- 
missions with undoubted fresh infarctions and on 
each occasion the myocardial scan was positive, at 
times varying from six to 21 days after the probable 
date of infarction. 

In the present series there was only one proven 
false negative and that patient had been scanned 16 
days after the probable time of infarction. Recent 
myocardial infarction could be excluded with cer- 
tainty in seven patients and they all had negative 
scans at times varying from one to seven days (mean 
2-7) after onset of symptoms. In a further 11 patients 
with negative scans, recent infarction could also be 
excluded but with a lesser degree of confidence. 
There was a known history of previous ischaemic 
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heart disease in 29 patients and the scans were 
positive in 16, negative in 11 and equivocal in two 
of these cases. 


Discussion 

Although the present series inevitably includes 
a number of cases in which fresh myocardial in- 
farction could not be confirmed or excluded with 
certainty, the only proven false negative scans were 
in a patient investigated 16 days after the onset of 
infarction, and in a patient with a slowly evolving 
infarction in which the scan was subsequently posi- 
tive. None of the positive scans were proven false 
by other means. In addition to the high diagnostic 
accuracy there was an acceptably low incidence of 
equivocal or unsatisfactory investigations, i.e., two 
equivocal and four unsatisfactory scans out of a total 
of 64 investigations. 

Our experience suggests that the investigation 
is most useful and informative two to six days after 
infarction, but equivocal or false negative investi- 
gations may be expected ten or more days post- 
infarction. This is in agreement with the findings 
and conclusions of Bonte and his co-workers (1974), 
based on their experimental and clinical experience. 

The dosage used, 15 mCi/5 mg Tem stannous 
pyrophosphate, is considered a safe and effective 
dose by Parkay et al. (1974). It corresponds to 
0-2 mCi/0-07 mg/kg in a patient of average weight, 
which is considerably below the dose of 0-25 mg/kg 
of pyrophosphate shown by Fletcher and his co- 
workers (1973) to have no effect on serum calcium 
or phosphorus levels. Although our patients were 
not monitored after injection, there was no indica- 
tion that this dosage induced any cardiac arrythmias. 
Pyrophosphate is known to chelate calcium, with 
the possibility of causing hypocalcaemia, but ac- 
cording to the work of Stevenson and Dunson (1973) 
E.C.G. changes in healthy dogs were not observed 
until a minimum dose of 20 mg/kg was administered. 
Our dosage would correspond to 0-07 mg/kg in a 
patient of average weight, indicating a safety factor 
of almost 300. It has been shown that little or no 
blood pool activity is left in the heart at one hour 
(Krishnamurthy et al, 1975) and we feel that the 
optimum scanning time is 45-90 minutes after in- 
jection. The unsatisfactory investigations were due 
to excess cardiac blood pool and background ac- 
tivity, apparently due to free unlabelled technetium, 
as none of those cases had any indication of impaired 
renal function which might have prevented clearance 
of pyrophosphate by the kidneys. 

In all such cases undue activity in the fundus of 
the stomach, due to gastric excretion of technetium 
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was apparent. We have not used any of the other 
phosphate bone scanning agents but have no reason 
to expect that they would not be safe and effective. 
It has been shown experimentally that pyrophos- 
phate provides the best ratio of infarct to normal 
myocardium 24 hours after infarction and one hour 
after administration (Bonte et al., 1975). 

Apart from inadequate labelling or delayed blood 
clearance, other possible causes of error would 
include healing rib fractures, especially if the 
patient has had external cardiac massage, reflux 
of free technetium from the stomach into the 
oesophagus due to hiatal hernia which could easily 
occur during the left oblique and left lateral scans, 
or accumulation of technetium in a neoplastic or 
actively secreting breast. It is also likely that peri- 
carditis can result in a positive scan persisting for a 
long time, if not indefinitely. Parkay et al. (1974) 
record such a case with a follow-up scintigram show- 
ing increased activity on the 17th day, and they 
also mention the possibility of infiltrative myocardial 
diseases producing positive scans. 

Myocardial scintigraphy using a rectilinear scan- 
ner has got obvious limitations and cannot be used 
in acutely ill patients requiring continuous monitor- 
ing and the immediate availability of recuscitative 
measures. Recent or fresh myocardial infarction can 
be notoriously difficult to diagnose with reasonable 
certainty in cases of long standing ischaemic or 
hypertensive heart disease with or without known 
previous episodes of myocardial infarction, and the 
present series included 29 such cases. Myocardial 
scintigraphy was positive in 16, negative in 11 and 
equivocal in two of those cases, and so could be 
considered to contribute significantly to the diagno- 
sis in 27 out of 29 cases, i.e. 93 per cent. It is also 
well known that subendocardial infarction may show 
a normal E.C.G., but the myocardial scan should be 
positive up to ten days after infarction, even after 
the cardiac enzymes have returned to normal. Two 
of our cases would fit in this category with positive 
scans at six and ten days post-infarction, when the 
cardiac enzymes, though raised initially, had re- 
turned to normal. 

The experimental findings and conclusions of 
Shen and Jennings (1972) in respect of the kinetics 
of calcium accumulation in myocardial infarction 
are pertinent to understanding the mechanism of 
myocardial scintigraphy with phosphate bone 
scanning agents. They observed that following per- 
manent occlusion of a coronary artery, there was no 
uptake of calcium in the infarcted tissue, but that 
calcium uptake is a feature of irreversible cellular 
injury only when arterial blood is present, and that it 
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is an active process associated with mitochondrial 
accumulation. Calcium accumulation is not found 
if the cellular damage caused by ischaemia is 
reversible. The phosphate bone imaging agents are 
incorporated into the calcium phosphate granules, 
believed to be hydroxyapatite, within the mitochon- 
dria of the cells irreversibly damaged, and this is an 
active process dependant on arterial reperfusion of 
the infarcted area. Consequently the pyrophosphate 
will not be taken up in the myocardium unless there 
is permanent cell damage, and transient episodes of 
ischaemia without irreversible cell damage will not 
result in positive scans. 

A rectilinear scanner has inherent limitations in 
the precise localization and delineation of infarcts 
as compared with a scintillation camera. While it is 
easy to determine if the infarct is anterior, posterior, 
lateral or inferior in location, it is generally too 
poorly delineated to determine its exact size and 
extent, and this imposes an obvious limitation in 
attempting to assess changes in extent of the in- 
farcted area on repeat investigations, though changes 
in the degree of activity in the infarction can be 
appreciated and can be helpful in assessing pro- 
gress. If extension of the infarct is suspected, in- 
crease in the accumulation of the radionuclide on 
serial investigations is useful confirmatory evidence. 

In conclusion we feel that, despite its limitations, 
imaging of acute or suspected acute myocardial 
infarction with a rectilinear scanner, using a phos- 
phate radionuclide is a very useful and safe pro- 
cedure, especially in the patient with long standing 
heart disease in which the E.C.G., and other inves- 
tigations may be equivocal. It can be expected to 
help resolve the diagnostic problem in over 90 per 
cent of such equivocal cases, and because of its 
atraumatic non-invasive nature, it 1s also a worth- 
while investigation even in the clearcut case. 
It can have an accuracy approaching 100 per cent if 
carried out two to six days after suspected infarction. 
It is also useful in observing progress in the estab- 
lished case, and negative investigations, in con- 
junction with other negative or equivocal procedures 
can help in reducing bed occupancy by reducing the 
number of patients requiring prolonged observation 
in hospital. 


SUMMARY 
Myocardial scintigraphy with phosphate bone 
scanning agents is a new and very useful develop- 
ment in the detection of acute myocardial infarction. 
Initial experience using a rectilinear scanner is des- 
cribed in 50 consecutive patients admitted to hos- 
pital because of suspected myocardial infarction, 
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The routine dose was 15 mCi/5 mg ?? Tc? stannous 
pyrophosphate intravenously with anterior, left 
anterior oblique, and lateral scans obtained 45-90 
minutes after injection. 

There was only one false negative scan in 17 
patients with proven acute myocardial infarction 
and that was 16 days after onset. There was no pro- 
ven false positive investigation in seven patients 
in which fresh myocardial infarction. could be 
definitely excluded, or in a further 11 cases in which 
it could be excluded with reasonable confidence. 
Myocardial scintigraphy was considered helpful in 
resolving the diagnostic problem in 27 out of 29 
equivocal cases. 

It is concluded that myocardial scintigraphy with 
a rectilinear scanner 1s a highly accurate and safe 
procedure in the detection of acute myocardial 
infarction. The optimum scanning time is two to six 
days after onset of suspected infarction, when a 
diagnostic accuracy approaching 100 per cent can be 
expected. 
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| ABSTRACT 

In the mouse, at normal steady state of cell proliferation, 
the compensatory proliferative response to intestinal irra- 
diation is such that when radiation exposures totalling 
1,000 R are concentrated over the first few days of the 
week, summated proliferative activity for the entire week is 
near control levels, Symmetrically distributed exposures 
over a five-day treatment week (200 R daily, and especially 
333 R on Monday, Wednesday and Friday) result in depres- 
sed levels of overall weekly proliferation. In these instances, 
the weekend break is particularly crucial. Similar results 
were obtained when the one-week measurement period was 
inserted between the third and fifth week of abdominal 
therapy, except in this instance, 200 R per day did not 
result in sub-control levels of proliferation, whereas 333 R 
on M, W and F, continued to do so. The intestine seems 
able to maintain its barrier epithelium for extended periods 
of diminished cell input, provided such is not too severe and 
that it stems from decreased cell production rate per crypt 
rather than from crypt attrition. A partial explanation for 
this relative tolerance is given by the finding that the vast 
majority of proliferative cells, even those irradiated and 
rendered permanently incapable of further division, suc- 
ceed in migrating up the villus and hence help to maintain 
a barrier epithelium. In that sense, nearly all cell divisions 
become useful, even in the face of repeated exposures, 


Ín a previous report (Hagemann and Concannon, 
1975), we presented a model describing the acute 
proliferative and compartmental response of the 
mouse intestine to treatments with cytotoxic agents, 
One aspect considered was the role of compensatory 
hyperplasia in the composite response of the intes- 
tinal mucosa to fractionated radiation exposure 
(see also Hagemann and Lesher, 1971, 1973; Hage- 
mann, Sigdestad and Lesher, 1972). We suggested 
that if deviation from standard abdominal therapy 
(ca. 200 R/day; 5 day/week) be instituted, specifically 
fewer fractions for the same total weekly dose, one 
might consider concentrating the exposures over a 
relatively short time interval, thereby allowing ample 
time for the compensatory hyperplastic response to 
occur. The proviso was given that any single expo- 
sure set should not be severe enough to cause crypt 
attrition, f.e., to result in less than one surviving 
CPC (crypt progenitor cell) per crypt. 

In the present study, total cell proliferation over 
a one-week interval has been determined, during 
which abdominal irradiation was carried out with a 
number of fractionation schedules to a total exposure 
of 1,000 R. The one-week interval of measurement 
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was either the first or the fourth week of therapy. 
In addition, the fate of proliferative cells in maxi- 
mally hyperplastic crypts (due to prior irradiation), 
following another exposure, was examined. 


MATERIALS AND METHODS 
Adult male Ha/ICR mice were used throughout. 

Physical factors of X-irradiation were: 270 kVep, 

20 mA, HVL 1-8 mm Cu, and a target to midline 

distance of 70 cm. The exposure rate, measured in 

air, was 68 R/minute. The animals were restrained 
in individual leucite holders during exposure, with 
adequate openings for ventilation. The portion of the 
mouse anterior to the zyphoid, as well as both fe- 
murs and tail, was shielded with 0-5 cm of lead. 

Exposure under the shielding was negligible. The 

following treatment schedules were used: | 

(1) 1,000 R single exposure on Monday (M); 

(2) 333 R given three times on M, with a four- 
hour interval between exposures (to allow for 
substantial repair of sublethal damage—Withers 
and Elkind, 1969; Hagemann, Sigdestad and 
Lesher, 19712); 

(3)250 R given twice (with a four-hour repair 
interval) on both M and Tu; 

(4) 333 Ron M, Tu, and W; 

(5) 200 R on M, Tu, W, Th, F: 

(6) 333 Ron M, W, F. 

Exposure patterns C, D, E and F were also exam- 

ined during the fourth week of a therapy course. 

At 12 or 24 hour intervals after irradiation, which 
began on Monday morning, 50 pCi tritiated thymi- 
dine were injected intraperitoneally into eight ani- 

mals in each group. The animals were sacrificed 30 

minutes after injection and disintegrations per 

minute (dpm) /mg wet weight of jejunum was 

measured (Hagemann, Sigdestad and Lesher, 1970). 

These values are directly related to the number of 

cells in the DNA synthetic phase of the cell cycle 

provided that dpm/S phase cell remains constant, 

The latter does not strictly obtain following irradi- 

ation due to an early transient depression in DNA 

synthesis (Hagemann and Lesher, 1971), along 
with a subsequent shortening in S phase duration 
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Fic. 1. 
Disintegrations per minute (dpm) per mg wet weight jejunum (an estimate of proliferative activity) as a function of time 
after start of treatment on Monday (M). Tritiated thymidine was injected at the times shown and the animals were sacri- 
hced 30 minutes thereafter. The exposure pattern is shown on each panel. The percentages indicate total weekly proliferation, 
in percent of control values (f.e., the area under the experimental curves divided by the area under the control curve- 
dashed lines). Each point represents the mean + SE for eight animals. 
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(in which the genome is yet replicated). Thus, dpm/ 
mg approximates 5 phase cellularity of the tissue. 
S phase cellularity is related to total proliferative 
cellularity in general terms, but again not exactly 
following irradiation. This 1s due to some change 
in the relative proportion of the total cell cycle spent 
in the 5 phase, and transient alteration in population 
kinetics (2.e., from steady state to exponential growth). 
Within these constraints, the data obtained provide 
relative estimates of the proliferative activity of the 
intestinal mucosa following radiation exposure; the 
principal point of interest 1s differences between the 
various exposure patterns rather than the absolute 
numbers involved. 

It became important to know the fate of the cells 
which were highly proliferative due to previous 
radiation exposure(s), and were then exposed to a 
subsequent treatment. If they were to die and dis- 
integrate in situ they would be of no use to the 
animal; whereas if they ascended the villus, they 
could serve a barrier function. Six animals were 
irradiated abdomen only with 1,000 R. Four days 
later, a time at which the crypts are maximally 
proliferative and composed entirely of actively divid- 
ing cells, 50 «Ci ?H TdR were injected, and 20 min- 
utes later the animals were irradiated with 800 R. 
At 12 and 24 hours after this exposure, three animals 
were sacrificed. Control animals received no irradi- 
ation. Segments of jejunum were prepared for radio- 
autography using standard histological techniques, 
and the location of labelled nuclei was ascertained. 


RESULTS 
The data obtained for the first week of irradiation 
are shown in Fig. 1. Disintegrations per minute per 
mg as a percentage of the control value (an approxi- 
mate indicator of total proliferative activity) is plot- 
ted as a function of time after the onset of treatment. 
Each panel represents a different fractionation 


scheme (as shown) employed to deliver a total of 


1,000 R in one week. The percentage indicated on 
each panel represents total proliferative activity 
relative to the control level, during the seven-dav 
period. These values were obtained by dividing the 
area under each curve by the area under the control 
curves (represented by the dashed line). 

Panel A shows the proliferative response to a 
single exposure of 1,000 R given on Monday. It is 
similar to previously published curves (Hagemann 
and Lesher, 1971) and exhibits initial depression 
{part of which, in the first 24-36 hours, is due to 
a transient depression in DNA synthesis per S phase 
cell), followed by a compensatory overshoot in 
proliferative activity and subsequent reinstatement 
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of homeokinetic control. Interestingly, the com- 
pensatory response is such that total proliferative 
activity, when integrated over the seven-day span, 
is near that of control animals. In Panel B, the 
1,000 R was delivered also in one day, but with four 
hours between successive 333 R exposures. There- 
fore, the total degree of damage inflicted was less 
than for 1,000 R single doses (due to repair of sub- 
lethal injury). This is because each exposure kills 
fewer CPC due to the pronounced shoulder on the 
CPC survival curve (Withers and Elkind, 1969; 
Hagemann, Sigdestad and Lesher, 1971b) coupled 
wih the intromission of time intervals for repair of 
sublethal radiation damage (Withers and Elkind, 
1969; Hagemann, Sigdestad and Lesher, 1971a). 
We have shown previously (Hagemann and Lesher, 
1973) that up to the point of causing crypt attrition, 
the magnitude of the total compensatory response is 
directly related to the amount of damage inflicted 
(7.e., to radiation dose). When compared with Pane! 
A, it may be seen that the compensatory response is 
somewhat less in Panel B; the degree of damage is 
also less because of repair between successive frac- 
tions. Nevertheless, the total proliferative activity 
over the one-week interval is near that of the control. 

Panel C illustrates the effect of two exposures of 
250 R, separated by four hours, given on both Mon- 
day and ‘Tuesday. Damage ts less, due to the shoulder 
on the CPC survival curve, allowance for repair of 
sublethal damage, and provision of time for proli- 
feration between exposure sets. The compensatory 
proliferative response is again diminished. (The 
effectiveness of the proliferative activity which oc- 
curred between exposure sets in this and remaining 
régimes provided the rationale for ascertaining the 
fate of these cells following a subsequent exposure; 
see later.) Summated proliferative activity for this 
fractionation schedule is 90 per cent of control. 

In Panel D, 333 R was given on the first three days 
of the week. Cell killing combined with a period of 
greatly decreased cell input into the villous compart- 
ment results in a substantial compensatory prolifera- 
tive response. Since the last exposure is completed 
hve days before the following Monday, sufficient 
time 1s provided for attainment of the complete res- 
ponse, and overall proliferative activity for the week 
is similar to that of the control. 

Panel E illustrates the usual pattern of exposure 
emploved clinically. During the course of the week, 
proliferative activity progresses from about 40 per 
cent of control to somewhat above the control level 
(this largely because of the Friday-Monday radi- 
ation free interval; see Hagemann and Concannon 
(1975) for a discussion of this point). For the entire 
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Same as Fig. 1, except the one-week measurement period was inserted between the third and fourth week of therapy. 
Fractionation schedules and per cent of control proliferative activity for the entire week are indicated on the panels. 


week however, summated proliferative activity is 
somewhat less than the control. Panel F shows 
proliferative activity when 333 R was given on 
M, W and F. Each time the compensatory proli- 
ferative response is about to occur, another exposure 
is given and, over the course of the week, total 
proliferative activity is markedly compromised. 
Substantial gain is seen over the weekend, which is 
probably critical for this regimen to be employed 
with success. Again, it became vital to know whether 
the spikes of proliferative activity seen on W, F and 
Su result in proliferating cells, which, even though 
to be irradiated again, can ascend the villus. 

Four of the exposure patterns described above 
were tested in a similar fashion during the fourth 
week of therapy. The results are shown in Fig. 2. 


In this instance, 200 R per day x5 (Panel A) did 
not result in net depressed proliferation (probably 
due to recognition of damage incurred during the 
previous week(s)). The asymmetrically distributed 
exposure patterns resulted in near control levels of 
integrated proliferative activity (Panels B and C), 
Exposures of 333 R given on M, W and F (Panel D) 
again resulted in a substantial reduction in net cell 
production. In addition, animal lethality began to 
accrue in this group during the fourth week; 33 per 
cent of the animals had died (probably from intes- 
tinal damage) by the end of the period. 

To examine the fate of maximally proliferative 
crypt cells when exposed to a succeeding dose of 
radiation, animals were irradiated with 1,000 R. 
Four days later, when the surviving crypts were 
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TABLE I 
MIGRATION OF LABELLED CELLS FROM CRYPTS OF CONTROL, 
AND IRRADIATED (800 R) ANIMALS AT 12 AND 24 HOURS 
AFTER PULSE LABELLING WITH TRITIATED THYMIDINE 
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*Cell positions from top of crypt. 
two-dimensional measure from tissue sections. 


maximally hyperplastic, they received 3H'TdR and, 
20 minutes thereafter, 800 R. The results are shown 
in Table I. After irradiation, labelled nuclei populate 
the villi at near the control rate. Clearly, these 
highly proliferative cells, although the vast majority 
were lethally damaged with respect to reproductive 
integrity, nevertheless differentiated morphologi- 
cally. Presumably, they can perform at least a barrier 
function and hence delay villous cell depletion and 
mucosal denudation. 


DISCUSSION 

The data illustrate that the mode of radiation 
fractionation can profoundly influence intestinal 
proliferative activity integrated over a one-week 
interval. In general, exposures delivered over a 
relatively short period, e.g. 1-3 days, cause sub- 
stantial damage which elicits, over the next 4-6 days, 
a marked compensatory proliferative reaction such 
that total proliferative activity for the entire week 
is near to that of control. It has been shown (Lesher, 
1967) that, during the compensatory response to 
irradiation, the S phase may comprise as much as 
70-75 per cent of the cell cycle, as opposed to the 
steady state value of 60 per cent. This would suggest 
that the actual integrated cell proliferation in Panels 
A-D (Fig. 1) and B-C (Fig. 2) is 10-15 per cent low- 
er than indicated by the activity data. 

However, the rate of DNA synthesis per 5 phase 
cell is slowed for the first 12-24 hours after ex- 
posure (Hagemann and Lesher,’ 1971), which leads 
to some underestimation of the proliferative ac- 
tivity. Thus, the dpm/mg values shown on the figures 
are probably reasonable estimates of integrated pro- 
liferative activity. Fractionation patterns sym- 
metrically imposed over a five-day exposure week 
do not allow the potential compensatory response 
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to occur in the interval between exposures, and, as a 
result, proliferative activity integrated over the 
week is compromised. In the latter cases, instillation 
of a weekend recovery period is probably crucial 
(see also Hagemann and Concannon, 1975). In the 
case of 200 R per day, the total unrecovered damage 
incurred during the first week of therapy is probably 
insufficient to elicit a maximal compensatory res- 
ponse; and net cell production, while below control 
levels, is not vet recognized (in the proliferation 
control sense) as threatening. As this treatment 
continues into the fourth week, however, damage 
recognition present, accelerated proliferation 
is instituted, and net cell production is compensa- 
torily maintained at, or somewhat above, the control 
level. Note that the weekend recovery period con- 
tributes significantly to the summed cell production. 
Exposures of 333 R on M, W and F cause sufficient 
damage even in the first week to elicit a compen- 
satory hyperplastic response. However, this 
largely thwarted by successive exposures just as the 
response commences. The situation is maintained 
into the fourth week of therapy and net cell pro- 
duction is severely compromised. At the end of this 
period (4,000 R in four weeks), animal lethality am- 
ounted to 33 per cent, which is in line with our pre- 
vious finding of 50 per cent lethality with 5,300 R 
given as 300 R fractions on M, W and F (Hagemann 
and Concannon, 1975). 

It is of interest to assimilate the present findings 
with those previously published on animal survival 
following multifraction abdomen-only irradiation 
(Hagemann and Concannon, 1975). An exposure of 
1,000 R given once per week, although resulting in 
control levels of proliferative activity over the 
first week, (Fig. 1, Panel A) results in crypt killing 
which is progressive with each exposure, and rela- 
tively few exposures can be accumulated. Smaller ex- 
posure fractions, separated by several hours, can be 
repeated many times provided: 
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(1) a given set of irradiations does not cause crypt 
attrition; and 
(2) sufficient time is provided between sets for the 
compensatory proliferative response to come 
into play (Fig. 1, Panels B and C; Fig. 2, Panel B). 
‘These considerations would also apply to exposures 
concentrated in the early part of the week. Follow- 
ing 200 R/day, 5 days/week, cell proliferation is 
decreased somewhat during the first week (Panel 
E), yet large total exposures (over 10,000 R) can be 
accumulated. As is apparent from Fig. 2 (Panel A), 
that during the course of four weeks’ treatment, cell 
proliferation accelerates to the control level or 
slightly above. Even following 300 R/day, given on 
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M, W and F, animals survive more than 5,000 R, 
although this temporal regimen substantially de- 
creases summated proliferative activity (Fig. 1, Panel 
F; Fig. 2, Panel D). (In the present study, 67 per cent 
of the animals survived 4,000 R given as 333 R on 
M, W and F.) Thus, it would appear that: 

(1) the intestinal epithelium is capable of main- 
taining an intact barrier epithelium in the face 
of diminished net cell production for a time, 
provided the decrease is not too severe and that 
it stems from reduced cell production rate per 
crypt and not from crypt attrition; 

cells in the proliferative compartment, either at 
steady state (Hagemann and Lesher, 1973) or 
dividing at a greatly accelerated rate (present 
study), which are rendered incapable of sus- 
tained division by irradiation, nevertheless re- 
tain the capacity to migrate up the side of the 
villus, perform at least a barrier function, and 
provide a temporal extension for the concurrent 
proliferative events in the crypt to provide sub- 
sequent restorative cell input into the villous 
compartment. 

Returning to Figs. 1 and 2, we note that, for ex- 
posures concentrated over the first few days of the 
week, the compensatory response is essentially com- 
pleted about two days prior to the next scheduled 
Monday irradiation. Thus, during this time inter- 
val the intestinal epithelium is near steady state 
with respect to cell production, while a(presumptive) 
surviving tumour cell population would be increas- 
ing in number. Would either commencing the next 
course of radiotherapy at the completion of the com- 
pensatory hyperplastic response, or the institution of 
selected. chemotherapy during this interval, im- 
prove the therapeutic ratio? The latter course would 
seem particularly attractive if intestinal tolerance 
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to moderate radiotherapy is dictated by delayed 
manifestations of radiation damage to slowly pro- 
liferating supportive tissues (which may not be 
appreciably affected by cycle specific agents), rather 
than by eventual failure of the principal cell renewal 
system (see Hagemann and Concannon, 1975). 
These possibilities are currently under investigation. 
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ABSTRACT 

‘The object of transverse-section y-ray imaging is to 
display the concentration of radioactive material in a thin 
transverse slice of the body. The technique is essentially 
that of reconstructing a density distribution from its pro- 
jections, and many methods have been developed to perform 
the reconstruction. 

This report describes the realization of three such 
methods, using a small digital computer PDPS I, and their 
application to experimental and clinical data obtained from 
the Aberdeen Section Scanner: 

(1) simple back projection; 
(2) the convolution method of Bracewell and Riddle; 
(3) the linear integral transform method of Radon. 

The problems of sensitivity variation and attenuation are 
examined. An approximate attenuation correction procedure 
is described. The reconstruction method of Bracewell and 
Riddle was found convenient since then the data were 
manipulated in a manner where smoothing to reduce 
statistical noise and correction for absorption could both be 
readily incorporated. 


Transverse-section radioisotope tomography intro- 
duced by Kuhl and Edwards (1964) has proved 
valuable in routine clinical brain-scanning investi- 
gations. The object of this procedure is to display 
the concentration of radioactive material in a thin 
transverse slice of the body. The section image is not 
achieved by blurring the images of adjacent planes, 
as in conventional X-ray tomography, but rather 
the plane of the section is limited entirely by col- 
limation, the method also chosen for the recently 
introduced EMI scanner (Hounsfield, 1973). The 
technique is essentially that of reconstructing an 
object or density distribution from its projections. 
Reconstruction. methods, varying in accuracy and 
complexity, have been developed in diverse fields 
including radio-astronomy, electron microscopy and 
radiology, and these methods are currently being 
applied to transverse section y-ray imaging. The 
object of this report is to describe the application of 
three of these methods to experimental and clinical 
data obtained from the Aberdeen Section Scanner 
(Bowley et al., 1973). 


THE RECONSTRUCTION PROBLEM 
Figure 1 illustrates the problem and defines the 
term projection as used in this report. The function 
g(x, y) is generally considered to be a density 
function. In radioisotope imaging it is the amount of 
radioactivity per unit area, assuming a uniform 


slice S of constant thickness. With a dual detector 
scanner a projection is ideally the counts recorded in a 
given time, at one position x’, representing the inte- 
gral of the activity over line L, the central axis of the 
detectors. (We ignore sensitivity variations. and 
attenuation for the moment.) After the detectors 
have performed one scan, traversing the slice in the 
direction of x’, we know Ps (x ) for all values of x’, 
i.e. a profile at angle @ to some arbitrary base line. 
With the detectors rotated relative to the slice, at a 
different angle, another scan line produces another 
profile. The problem is to deduce or "reconstruct" 
g(x, v) given a set of N such profiles, usually equally 
spaced throughout 180 deg. The scanner could of 
course be replaced by a gamma-camera; a single 
exposure produces the required profile and several 
slices, parallel to S, can then be examined simul- 
taneously. 

It is convenient to take the x axis as base line. Each 
profile can then be specified as a function of x' only 
where x’, y' are the customary Cartesian axes in the 
rotated system. An arbitrary point (x, y) is seen 
during a scan at an arbitrary angle 8. Then from 


Fig. 1 
x'OQ =x cos 8--v sin? .. . . . (1) 
Note that the integral of any one profile yields the 
total radioactivity T within the slice: 
oe ty 


RECONSTRUCTION METHODS 


A brief summary of some of the available recon- 
struction methods will be given and the realization of 
three of these methods using a Digital Equipment 
Corporation PDP8 I computer. (For a more 
thorough review of algorithms see, for example, 
Smith, Peters and Bates, 1973; Gordon and Herman, 
1974.) Programs were written in DEC 4K FORT- 
RAN and PAL III. In practice, 30 equally-spaced 
profiles with 64 values in each, are manipulated to 
reconstruct an image within a 64 x 64 element array. 


1. Back projection ( Method P (B.P.) 

An approximate solution is given by back projection, 
where the reconstructed density at a point is assumed to be 
given by the addition of all projections through that point. 
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Bounded 2-dimensional function g(x y) 
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The reconstruction problem, After one scan pass, we know Po (x^) for all values of x’, ie. a profile at angle 8, The 
problem is to deduce g(x, v) given a set of N such profiles. 


A high background is inevitably obtained and a background 
constant may be subtracted (Vainstein, 1970; Gilbert, 
1972): 

g(x, y) =2 Po(x') -(N-DT (3) 

B.P. 8 o 
Each value of 8 specifies one profile; the value of x’ specifies 
that projection through the point to be reconstructed, and is 
given by equation (1). N is the total number of profiles and T 
is defined by equation (2). 

As long as g(x, y) has a highly peaked structure, these 
peaks will appear in the reconstruction, so the method may 
be said to give an approximate solution. The centre of the 
64 x 64 array is taken as origin of the Cartesian co-ordinates 
x, y. Each element within the array receives 30 values, one 
value from each profile. The particular value to take from 
each profile is calculated using equation (1). Four minutes 
computation time is required. The background term in 
equation (3) is taken into account on display, ie. only 
elements containing more than (N-1)T are displayed. 


2. Fourier analysis 

Before proceeding to several more exact reconstruction 
schemes, it is worth considering the implications of some 
operations in Fourier space (X, Y). Knowing g(x, v) we 
could perform the two-dimensional Fourier transform to 
produce G (X, Y), or, inversely, knowing G (X, Y) we 
could perform the inverse Fourier transform to obtain 
g(x, vy). A relevant Fourier theorem states that the Fourier 
transform of a profile is identical to a corresponding section 
through G (X, Y). Hence we could build up G (X, Y) ona 
square lattice of points, say, from the Fourier transforms of 
the known profiles using interpolation to deduce values at 
the actual grid points. An inverse transform then yields the 
required g (x, y) (Crowther, De Rosier and Klug, 1970; Kay, 
Keyes and Simon, 1974). 

This analysis provides insight into the number of profiles 
required. If the maximum dimension across g (x, y) is D then 
in general it can only be determined in full if its Fourier 
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transform is known on a square lattice of points spaced less 

than.or equal to 1/D (Bracewell, 1958), If we have N equally- 

spaced profiles, ¿e. an angular interval of 7/N, than at a 

radial distance Rm (from the origin of X, Y co-ordinate 

system) the distance between known data will be zRq/N. 
Thus, providing 





7m 1 F 
N SD 20. s (4) 


then g(x, y) could be determined out to a limiting spatial 
frequency Rm. If g (x, y) is a smooth function containing no 
spatial frequencies in excess of Rm then an accurate recon- 
struction is achieved, (Strictly, there is no exact solution 
obtainable with a finite number of profiles. If g(x, v) is a 
space-limited function with maximum dimension D then an 
infinite spectrum of spatial frequencies is necessary for 
complete specification and if Rm-»co then N must also. In 
practice, because of noise, there will be an upper limit to 
spatial frequency, beyond which the noise power exceeds 
signal power, say. Hence Rm and N may be restricted and 
condition 4 satisfied. Bracewell and Riddle (1967) discuss 
the errors in relaxing condition 4 for one specific appli- 
cation—reconstructing a frequency-limited point spread 
function.) 

However, redundancy is apparent in the Fourier recon- 
struction steps and there exist more direct ways of obtaining 
an accurate estimate of g(x, y). One such scheme consists 
essentially of modifying the original profiles such that when 
they are ‘““back projected”, an accurate estimate results. The 
modification required is to amplify spatial frequencies, the 
amplification being proportional to the frequency. In 
practice it may be implemented in two ways. 


3. Method 2 (Bracewell and Riddle) (B.R.) 
The amplification of spatial frequencies is most obvious 
from the method of Bracewell and Riddle (1967). Modified 
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profiles Hax} are formed from the original profiles thus: 





Ho(x^) = Pox) * Ra | > Fi 7 | "P | | (5) 
where H vex. Rey 


and the symbol * represents the convolution operation, The 
effect of the operation is to multiply the Fourier transform 
of the profiles with a ramp function (i.e. amplification direct- 
iy proportional to spatial frequency) out to a limiting 
spatial frequency Ae. Any spatial frequencies above Rm will 
be removed, The reconstructed density at a point is then 
given bv the integral of all the modified projections through 
that point: 


£ (X; yi sien fr Hs is n 46 
BR ^o^ 


which, for the discrete case of a finite number of profiles 
hecomes 


g(x,y) > ER EH) (6) 
BR. * Bf 


where again the value of x for each profile is given. bv 
equation (1) and sAÀ3/N is a normalization factor. If g (x, y) 
is a smooth function containing no spatial frequencies in 
excess of Ry and limited in extent within the restriction 
imposed by condition 4 then an accurate estimate is achiev- 
ed using equation (6). 

in the realization. of this method, a symmetric non- 
recursive digital filter with 31 weighting values Wi was used 
as the convolution function, Le. 


" | sin2zRa id — (sinsRa id, ?] (i t 
H Hn Rip id aR id | I era 
COR ii 


for i0, 1... 15. 4 is the interval at which the data from 
the scanner were sampled, typically 4 mm. The cosine term 
is à "window function", a recognized smoothing procedure 
(Gold and Rader, 1965) necessarv to prevent oscillations due 
to frimcation of the convolution function after 15 values, and 
useful to reduce statistical noise in the data. The weighting 
values and frequency responses of three such filters are 


"m | TABLE I 
WEIGHTING VALUES HH’) OF THE 31-POINT SYMMETRIC NUN- 
HECUBSIVE DIGITAL FILTER USED AS THE CONVOLUTION FUNC- 


THON IN METHOD 2, LISTED TO FOUR DECIMAL PLACES, FOR 
Em4 cM! aND dos 0-4 cM ; WA Wai AND Wo= 1. 
i Wi | 
1 40-7540 | 
j 2 + 0-1874 | 
| 3 -0-3257 | 
| 4 — 60-5019 | 
5 -0-3393 
| 6 -0-0589 | 
] 7 -0-1119 | 
i 8 410-1072 | 
| 9 + 0-0145 | 
10 -0-0515 | 
| !1 —0-0506 | 
| i2 o ax 0-0156 | 
| 13 2- 0-0100 | 
] 14 + 0-0134 
| 15 + 0-0051 | 


shown in "Table I and Fig. 2. The number of weighting 
values, 15 on either side of the central value Wo= 1, was 
arbitrarily chosen as a suitable compromise between accuracy 
and computational speed. On the PDPSI, convolution of a 
single profile takes approximately four seconds. Total 
assembly time for 30 profiles is therefore approximately six 
minutes, 


4. Method 3 (Radon) (R) 

A method of modifving the profiles by differentiation 
followed by convolution with 1/x has been proposed by 
Berry and Gibbs (1970) and Gilbert (1972). The method 
appears to be identical to that of Radon (1917), recently 
described by Cormack (1973). Gilbert (1972) describes the 
effect of the method on the spatial frequencies in the 
profiles--amplification directly proportional to spatial 
frequency, with no upper limit. Radon's method has been 
formulated in several different ways, but following the above 
notation we first perform 


* EP ye. 
aeta 


Po (x° —r) dé U) 


ie. average all the projections at distance r from the point to 
be reconstructed. 


The n 
E (x, v) MM | 1 P — ( 8) 
R Na F 


The similarity with differentiation and convolution with jx’ 
is apparent. 


Radon's reconstruction is general. The method of 
Bracewell and Riddle will perform the same task for data 
with a limited spatial frequency content, a necessary 
condition if a finite number of profiles are to suffice, accord- 
ing to condition 4, Since the steps in Radon's reconstruc- 
tion are equivalent to differentiation and convolution with 
Ó/x', the single convolution operation of Bracewell and 
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Fic. 2. 
Frequency-response curves of the 31-point symmetric non- 
recursive digital filters used as the convolution function in 
Method 2; an example of the actual weighting values is 
listed in Table I. The filters were designed with "cut-off 
frequency" Rm equal to 0-5, 0-4 and 0-3 cm”! respectively. 
The desired response (dotted line) can be more closely 
approximated by using a larger number of points. 
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Riddle would seem the method of choice. However, both 
methods have been included for comparison. Smoothing to 
reduce statistical noise, a desirable process with noisy 
radioisotope data, can be readily incorporated. Indeed 
Tanaka et al. (1973) describe a convolution function in- 
corporating Gaussian smoothing to be used in place of 
equation (5). 

In the realization of Radon's method, equation (7) is 
replaced by the discrete sum 


x 


N 


N g 


and equation (8) 15 replaced by 


? 3 1 WR € ed > * * 9 
n (x, y) xi Mri tins) i» 


and since for discrete data, ri-id, equation (9) becomes 


a ve 2. [Btoy-22 ao] 
g (9) 5 | Po) 2X XR] 


It is interesting to note that: (1) P (O)is the "back-project- 
ed” value as in Method 1, before background subtraction, 
and (2) whereas "back projection" used only one value 
from each profile to estimate g (x, y) at one point, Radon's 
reconstruction requires knowledge of Pe (x^) throughout the 
entire plane as in fact does the convolution method of 
Bracewell and Riddle. Fifteen minutes computation time 
is required, approximately two and a half times that of 
Method 2. The speed in Method 2 is gained by truncating 
the convolution function after 15 values, introducing the 
approximation illustrated in Fig. 2—accuracy may be sacri- 
ficed for speed. 


APPLICATION 

The three assembly methods have been used to 
reconstruct a section scan taken around a “brain 
phantom”. The reconstructed images are presented 
as they appear on the display oscilloscope (intensity 
modulated grey scale), Fig. 3. 

Method 1 produces an image which is “built up" 
in the centre. Gilbert (1972) shows that this image in 
fact represents a convolution of the true image with a 
known function (which tends to the form 1/r in the 
limiting case of an infinite number of profiles). 

Methods 2 and 3 produce more accurate images; 
with this simple phantom the "true image" is obtain- 
ed by a conventional area scan over the upright 
bottles, illustrating that the bottles were in fact 
uniformly filled. Since no smoothing is implicit in 
the realization of Radon's method the original 
profiles are twice smoothed with a linear three-point 
average process to reduce statistical fluctuations 
prior to reconstruction using Method 3. The effects 
of sensitivity variation and attenuation are better 
appreciated on reconstructions using Methods 2 and 
3; the bottle images appear elongated (in the 
direction of least attenuation) and in fact the bottles 
near the centre appear of slightly lower intensity than 


those near the periphery. (With Method 1 the 
assembly process itself masks this latter effect.) 
However, for a section of comparable dimensions, 
reconstructions using Methods 2 or 3 would appear 
to be reasonably quantitative. 

Figure 4 illustrates the assembly methods applied 
to an actual brain scan. Method 2 smooths high 
spatial frequency components of the image slightly 
more than Method 3, but no real detail would appear 
to be lost. As with "processed" conventional y- 
ray images, no firm conclusions can be stated as to 
which method produces the "better" image, the 
choice being largely subjective. Experience to date 
suggests that the methods be used according to the 
statistical accuracy of the data, With very low-count 
density images Method 1 is probably all that can be 
usefully applied. With currently available count 
densities the use of Methods 2 and 3, as described 
above, appears justified. If more accurate data were 
obtainable, more emphasis could be placed on higher 
spatial frequencies and Methods 2 and 3 adapted 
accordingly. 


ABSORPTION AND SOLID ANGLE FACTORS 

With y-ray imaging devices, the raw data do not 
quite conform to the requirement of true line 
integrals, as observed by Cormack (1973). 

Firstly, there is the "finite field of view” of the 
y-ray detection equipment which has an effect both 
within the plane of the section and perpendicular to 
it. Within the plane, it implies that the best recon- 
struction obtainable would be equivalent to a con- 
ventional scan of the isolated section. Perpendicular 
to the plane of the section, the z-axis of Cartesian 
co-ordinates, it implies that only if g(x, y, 2) is 
independent of z, at least throughout the held of 
view, will an accurate reconstruction of g(x, y) be 
meaningful and quantitative, i.e. representative of 
the true concentration of radioactivity over the 
specified plane. If the field of view varies appreciably 
throughout the section, quantitative results are virtu- 
ally impossible. This field of view or sensitivity 
variation has been termed the solid angle factor by 
Cormack (1973). It can be studied by moving a point 
or line source in air over the region between the two 
detectors. 

Secondly, there is absorption within the medium 
containing the radioactivity, the absorption factor. 

Thus the profiles detected will generally be of the 
form. 

Do (x, y) hf (x, y) g (œ, 3) dv... (10) 
where f (x, y), containing both the solid angle and 
absorption factors, varies throughout the plane. 
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If the two factors can be combined such that 


f (x, y) becomes simply a function of total thickness of 


absorbing medium, then 
f (x, y) 
and equation (10) becomes 
Da (x) —f (x) fg (x, v) dv 
Hence the true line integral can be obtained by 


f(x’) 


correcting the observed profiles, t.e. 


Da (x^) 
f (x^) 


Ps (x J 


Experiments have indicated that with thi 
Aberdeen Section Scanner, £e. 3$ 1n. diametet 


crystal detectors, long-focusing collimators ( Myers 
and Mallard, 1964) and substantial inter-collimato: 
distance (40 cm), f (x, y) can within reasonable limits 
be considered an exponential function of total thick- 
ness L of absorbing medium (Fig. 5). The best form 
of f (x') was found experimentally to be 
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i FIG. 


"'Tl'e" brain scan showing a lesion in the posterior fossa: 
scan; reconstructions of the 


(Rm 


lost 


(4) conventional lateral view illustrating the position of 
section scan using Methods 1, 2 and 3 are shown in (B), 
(0-4 cm-t) smooths high spatial frequency components of the 
Element size is 4 mm 
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Sensitivity and field of view variations for the ASS 9*T'cm 
13 cm focus collimators; inter/coHimator separation 40 cm; 
energy window 110-180 keV. 


(A) The “field of view”, as defined by the full-width at half- 
maximum of the line spread function, is reasonably constant, 


(c) The effect of attenuation correction on the peak sensi- 
tivity curves. 


where p is an effective attenuation coefficient. The 
effect of dividing the peak sensitivity by this factor is 
shown in Fig. 5c, the object being to produce the 
same corrected number of counts from the line 
source irrespective of position between the detectors 
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Calculation of the chord length for an ellipse. Two measure- 

ments, the major and minor axes, are sufficient to specify the 

thickness L for any projection at distance x from the centre 
of the ellipse. 


or thickness L of tissue. This was achieved to within 
+27 per cent. The additional information required 
to obtain f(x’) is the thickness of the object for each 
projection, a considerable amount of data, A 
practical compromise would be to represent the 
patient and supporting couch by an ellipse of homo- 
genous material. Two thicknesses, the major and 
minor axes are then sufficient to specify the thickness 
for each projection (Fig. 6). 

This form of attenuation correction which takes 
an extra three minutes computation time was tested 
on a section scan of a uniformly-filled torso phantom 
with elliptical cross-section (data manipulated using 
Method 2), Fig. 7. The phantom dimensions are now 
considerably greater than in Fig. 3 and absorption 
effects will be greater. Without correction more 
activity is attributed to the superficial rim compared 
to the actual distribution; this effect is masked 
around the lower rim due to the couch supporting 
the phantom. After correcting the profiles, the 
reconstructed image is quantitatively a more 
accurate representation of the actual distribution. 
The counting density was similar to that obtained 
from an actual liver section scan; the noise due to 
counting statistics is apparent. Display is on a 
confidence interval basis, each discrete grey level 
representing an interval of three "standard devi- 
ations” of the count density range (Keyes, Barber 
and Mallard, 1973). The derivation of “standard 
deviation" in the reconstructed data is tentative and 
is still under investigation. 

Finally, Fig. 8 illustrates the same processing 
applied to an actual liver scan. 
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SUMMARY 

Transverse section y-ray imaging is a relatively 
new procedure which appears already to be clinically 
valuable. Caution is needed in selecting and testing 
(a) collimation systems, to ensure the collection of 
meaningful data, and (b) reconstruction methods, to 
make the best use of these data. In the present work 
the use of long-focus collimators was examined. The 
reconstruction method of Bracewell and Riddle 
(1967) was found convenient since then the data 
were manipulated in a manner where smoothing to 
reduce statistical noise and correction for attenuation 
could both be readily incorporated. Computation 
could be performed reasonably quickly on modest 
equipment. It is to be expected that many different 
algorithms will produce similar results since this 1s a 
general feature of digital filtering (Gold and Rader, 
1969). 

The reconstructed image is a density distribution, 
ideally concentration of radioisotope per unit area in 
the plane of the section. However, in practice à 
quantitative estimate is only achieved if (a) the con- 
centration does not vary significantly over the thick- 
ness of the section, and (b) the thickness of the 
section viewed by the collimation system is reasonably 
constant over the plane of the section. These are 
restrictive conditions viewed  pessimistically by 
Cormack (1973) and optimistically by Budinger and 
Gullberg (1974), but thetechnique, even if never 
strictly quantitative, has a lot to offer in assisting the 
visualization and approximate quantitation of a three 
dimensional distribution of radioactivity in vivo. 
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ABSTRACT 

In internal y-ray dosimetry, the conventional geometric 
factor approach, where the "effective absorption coefficient" 
is taken as 0 or 0-028 cm-!, irrespective of source energy, 
leads to significant errors especiallv in the low energy region. 
An ettempt has been made in this paper to modify the 
approach to increase the accuracy of calculation and to 
extend its usefulness to low energies while retaining its 
inherent simplicity. 'The modification consists in replacing 
the effective absorption coefficient by the attenuation. co- 
efficients appropriate to the source energies and taking into 
account the effects due to multiple scattering by using point 
source build-up factor. The method has been applied for the 
particular case of dosimetry of a sphere. Comparison of the 
results obtained by this method with those got from Monte 
Carlo computations indicates excellent agreement at higher 
energies and a departure of around 15 per cent only at lower 
energies (as against a variation of 400 per cent when con- 
ventional geometric factor approach is used). 


In the dosimetry of internal gamma emitters, the 
geometric factor concept developed by Marinelli, 
Quimby and Hine (1948) has proved to be a simple 
and elegant approach. In this method the effective 
absorption coefficient is taken as either 0 or 0-028 
cm"! (0 for linear dimensions less than 10 cm and 
0-028 cm-* for larger dimensions), irrespective of 
source energy. This technique was found to be 
satisfactory for clinical radium dosimetry as absorp- 
tion coefficients do not vary significantly in the energy 
range between 0-1 MeV and 1:0 MeV. Geometric 
factors for simple shapes, e.g. sphere (Marinelli et 
al., 1948; Bush, 1949; Trucco, 1964) and cylinder 
(Mayneord, 1950; Kovalev, 1958) were calculated. 
Tables for average geometric factors were published 
by Loevinger, Holt and Hine (1956) and by Focht, 
Quimbv and Gershowitz (1965). 

Two parallel developments occurred which altered 
this simple approach, namely: 

(1) development of Monte Carlo methods for 
y-ray dose calculations; and 

(2) increased use of low energy gamma-emitters for 
clinical purposes (e.g. 1251, 99T'cm) in nuclear medi- 
cine. 

The Monte Carlo approach is general, can take 
into account boundary conditions, and give accurate 
dose computations, specially with the availability of 
powerful computers over the last few years. It 
became evident that doses calculated by the simple 
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geometric factor approach gave results that were in 
great error particularly at low energies, (7-400 per 
cent at 20 keV) (Ellett, 1969). The application of 
Monte Carlo computation technique to new situ- 
ations involves a substantial demand on computer 
time. 

An attempt has been made here to examine the 
possibility of modifying the conventional geometric 
factor approach in order to improve the accuracy of 
calculation and to extend its usefulness to low photon 
energies while retaining its inherent simplicity. The 
modification consists in replacing the effective 
absorption coefficient by the attenuation coefficients 
appropriate to the source energies and taking into 
account the effects due to multiple scattering by 
using point source dose build-up factors. This 
approach is basically similar to the ideas developed 
by Loevinger et al. (1956) and formally restated by 
Loevinger and Berman (1968). Berger (1968) using 
infinite dose build-up factors gave a range of ab- 
sorbed fractions for spheres surrounding a point 
source of radioactivity. In the present paper, the 
modified geometric factor method has been applied 
for the specific case of a spherical source to compute 
the geometric factor at any point, as well as the 
average geometric factor. For ease of comparison, 
absorbed fractions are calculated from the average 
geometric factor following the approach given by 
Quimby, Fietelberg and Gross, (1970). The absorb- 
ed fractions so calculated have been compared with 
those available from the Monte Carlo computations 
(Reddy, Ellett and Brownell, 1967; Brownell, Ellett 
and Reddy 1968) and it is shown that the two 
methods give results of comparable accuracy. 


Dose CALCULATION BY MODIFIED GEOMETRIC 
Factor APPROACH 
The absorbed dose rate Rp at any point P inside a 
uniform internal distribution of activity in a homo- 
geneous absorbing medium is given by 


Rp=10-3 . Pa = . gp rad/h ET 
n 
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where, gy the modified geometric factor is given by 
- exp ( n px) > I 
p | REC KEEN B (ux) V 
i x 
l'a-Photon absorbed dose constant 


= 169-8 (pajp) Ey CT (Greenfield and Lane, 
1971) 


mCi 
Pa/p^Photon mass absorption coefficient for 
primary photon energy (cm?/g) 
A Activity {pCi} 
m — Mass of the medium (g) 
B(ux) Point source energy build-up factor (Berger, 
1968) 
icPhoton attenuation coefficient at source 
energy (cm!) 
x== Distance of volume element, dV, from the 
point P (cm) 
Similarly the average absorbed dose rate R to a 
volume F containing the activity is given by 





R-- 10-3 Pa Â F radih iom x) 


where 


In the special case of a oe (Fig. 1), the expression 
for gp becomes (Reddy, Gupta and Nagaratnam, 
1961) 





Row 


Iy ^" r*Sin84d0dr 


0 ü | 
exp ( —& V r2--c?—2re cos 8. Buv r2--62 —rc cos E ) 
CU 3) 


It may be noted that Mayneord (1945) had 
worked out the dosimetry of a spherical source 
neglecting both attenuation and build-up. Later 
Trucco (1964), Fitzgerald, Brownell and Mahoney, 
(1968) and Hubbard and Williamson (1969) gave a 
detailed expression which took into account the effect 
due to self absorption. 

The build-up factor is defined by different 
expressions, one of the most widely used being 
Taylor's Fit (1963). Using Taylor's Fit for the build- 
up factor, Sundaram, Gopinath and Ganguly (1965) 
gave an analytical expression for the dose rate at any 
point in a sphere for photon energies higher than 500 
keV. However, the prime interest in nuclear medi- 
cine is in the use of lower photon energies and the 
expressions for the build-up factor are not readily 
available using Taylor’s Fit. Berger fitted his tabu- 
lation of build-up factor in an infinite water medium 
(1968) by the polynominal expression, namely 


B (ux)-—1--Z2 an (ux). ; : . (4) 
n 


and gave the values of the polynomial coefficients, ap. 
When equation (4) is substituted for build-up factor, 
equation (3) is not integrable analytically. In the 
present case, numerical integration has been made 
using values of an and u as given by Berger (1968) 
for various energies and source sizes. 


Dose CALCULATION BY ABSORBED FRACTION 
In the case of a uniform internal distribution of 
activity in a homogeneous absorbing medium, the 
average absorbed dose rate (Loevinger and Berman, 
1968) is given by 


R= = Ebi As rad/h : eM 
where A AN (pCi) 


Es zu d faction for ith energy 
(g.rad) 
pCih 
and is equal to 2-13 n, £j (Loevinger and 
and Berman, 1968) 
For monoenergetic photons the expression reduces 
to 





Ai Equilibrium dose constant 


R= “4 Aradih. . . . (6) 
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TABLE I 


COMPARISON OF ABSORBED FRACTION FROM MODIFIED GEOMETRIC FACTOR (MGF) METHOD AND MONTE CARLO METHOD 
(Spherical source: Uniform distribution of Activity) 



















Source Mass 100 


(g) 


MGF 






Photon Monte 


Energy keV 





0-0707 0-070 
0-0713 0-070 
0-0678 


0-0655 


————————————Á— 


5000 


1000 





MGF Monte MGF Monte 
arlo | Carlo 
0-63 0-65 
0-50 0-48 
0:34 0:30 
0-28 0-26 
Q-25 0-24 
0-23 0:22 
0-22 0-21 
0-22 0:21 
0-20 0-20 
0-19 0-19 





TABLE H 
COMPARISON OF ABSORBED FRACTION PROM MONTE CARLO METHOD AND MODIFIED GEOMETRIC FACTOR (MGF) METHOD 


| APPLYING DOSE RECIPROCITY THEOREM 
(Spherical Source: Activity at the Centre) 


| Photon Energy 30 40 60 | 600 


v $ manana 


Monte 








MGE ; Monte | MGF 
Carlo | Carlo 
0-185 0:218 0-088 0-106 
0-402 0-450 0-211 0-245 
0-805 0-834 0-582 0-586 
0-952 1:014 0-806 0-864 
0-997 1-093 0:974 0-994 


















Monte | MGF | 
Carlo 
















("0435 








0-036 0-041 








0-109 0-122 0-085 0-0886 | 0-091 0-0931 
0:350 0:353 0:275 0:257 0-225 0:225 
0-581 0-651 0-448 0-509 0:382 0-403 
0-882 0-899 0-770 0-613 0-647 





For source masses of 10,000 and 60,000 g, absorbed fraction values as obtained by Monte Carlo calculations have not been 
multiplied by back scattered radiation correction. 


Equating expression (2) and (6) we get 


(7) 


e 


REsULTS AND Discussion 

The values of absorbed fraction, $, have been 
calculated using equation (7) and are listed in Tables 
I and II under the heading MGF. Ia values have 
been taken from Greenfield and Lane (1971) and are 
for unit density material (soft tissue). They are 
calculated using the values of #a/p appropriate to any 
given primary photon energy. The values listed 
under the heading “Monte Carlo" are also the values 


of absorbed fraction but are taken from Brownell et 
al., (1968) and have been corrected for back scatter. 
These values are also for unit density material 
(tissue equivalent). The variation in I’ or $ values 
between different unit density materials like soft 
tissue and water is known to be within 5 per cent 
(Berger, 1968). 

In the particular case when the activity is concen- 
trated at the centre of the sphere, gp can readilv be 
obtained from the previous calculations (Gupta 
1973) of gp values at the centre of sphere with 
uniform distribution of activity by application of the 
Dose Reciprocity Theorem (Mayneord, 1945). 
Table II gives absorbed fractions obtained as above 
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along with those obtained by Monte Carlo calcu- 
lations for this case. 

it can be seen from Tables I and Il that the 
values of absorbed fraction as calculated by the two 
methods agree with each other within 17 per cent 
over the whole range of energy and phantom masses. 
‘The variation is more noticeable in the case of small 
source mass and low source energies. For source 
masses more than 1,500 g and at energies above 60 
keV, the two methods give comparable results. Both 
the methods exhibit the same trend in the variation 
of absorbed fraction with energy, £e. a decrease 
which is initially rapid and then slower. Above 100 
keV there is only a marginal variation in AF with 
energy. 

Át lower energies, it has been reported that the 
conventional geometric factor technique gives values 
of absorbed dose very much higher; at 20 keV, 
higher than 400 per cent in comparison to those 
calculated by the Monte Carlo method (Ellett, 1969). 
The reason for this disparity is that, conventionally, 
in calculating absorbed dose by g, the true absorp- 
tion coefficient has been taken as effective absorp- 
tion coefficient which is given the value either 0 or 
0-028 cem, This situation would be approximately 
true for higher energies where absorption is partially 
compensated bv scattered photons. In the lower 
energy region, the compensation due to scattered 
radiation is insignificant and therefore true absorp- 
tion coefficient changes rapidly with energy, 
Thus dose calculation based on effective absorption 
coefficient is likely to be significantly in error. In the 
present calculation of geometric factor, the exact 
values of attenuation coefficients have been used and 
appropriate corrections have been applied for build- 
up, and so the argument is good at all energies. It 
may be pomted out that there may be a margin of 
around 5 per cent in the accuracy of numerical 
integration due to rounding off procedures (Ellett 
and Hume, 1971). This limitation applies both to 
Monte Carlo and to our present computation. 





CONCLUSION 
presented for calculating photon absorbed dose due 
to uniform distribution of activity in a homogeneous 
unit density sphere. The expression used for the 
build-up is strictly applicable for infinite medium 
but one is tempted to assume that it should be applic- 
Results obtained here also confirm that this assump- 
tion does not bring significant error and as such does 
not seriously limit the usefulness of the concept. 


v 


Although the concept has been developed here for 


4 


mono-energetic gamma radiation, it is a straight- 
forward matter to extend it to any actual case, if the 
relative. yields of y rays of different energies are 
known, by calculating the geometric factor appro- 
priate to each energy separately and weighing it by 
its fractional yield. | 


ACKNOWLEDGMENT 
We are grateful to Col. S. K. Mazumdar, Director, 
Institute of Nuclear Medicine and Allied Sciences, for his 
keen interest and encouragement. Thanks are also due to Dr. 
A. K. Ganguly, Director, Chemical Group, BARC and Dr. 
D. V. Gopinath of Health Physics Division, BARC, Bombay 


for their comments. 


REFERENCES 

BERGER, M. J., 1968, Energy deposition in water by photons 
from point isotropic sources. (MIRD Pamphlet No. 2), 
Journal of Nuclear Medicine, Supplement Number 1, 17-25. 

BRowNELL, G. L., Eccerr, W. H., and Reppy, A. R., 1968. 
Absorbed fractions for photon dosimetry. (MIRD 
Pamphlet No. 3), Journal of Nuclear Medicine, Supple- 
ment No, 1, 29-39. 

Busi, F., 1949. The integral dose received from a uniformly 
distributed radioactive isotope. British Journal of Radi- 
ology, 22, 96-105. 

ELLErr, W. H., 1969. Application of gamma-ray diffusion 
theory to radiation dosimetry, Ph. D. Thesis, University 
of London. 

ErLErT, W. H., and Hume, R. M., 1971. Absorbed fractions 
for small volumes containing photon-emutting radio- 
activity. (MIRD Pamphlet No. 8), Journal of Nuclear 
Medicine, Supplement Number 5, 27—32. 

FITZGERALD, J. J., BRowNgtL, G. L., and Manoney, F. fe, 
1967. In Mathematical Theory of Radiation Dosimetry, p. 
332 (Gordon and Breach Science Publications, Inc., New 
York. 

Focur, E. F., Quimpy, E, H., and GeggsHowrTZ, M., 1965, 
Revised average geometric factor for cylinders in isotope 
dosage. Part I, Radiology, 85, 151—152. 

GREENFIELD, M. A., and Lane, R. G., 1971. In Radiorsotope 
Dosimetry in Nuclear Medicine, pp. 109 (W. H. Bland) 
(McGraw-Hill, New York). 

Gupra, M. M., 1973. Some aspects of internal gamma-ray 
dosimetry, Ph. D. Thesis, University of Delhi. 

Hupsarp, L. B., and WiLLIAMSON, F. 5., 1969, Gamma-ray 
doses for all points in spheres and cylinders with uniform- 
ly distributed sources. Physics in Medicine and Biology, 14, 
255-267. 

KovaLEgv, F. E., 1958. The intensity of gamma radiation 
emitted by a cylindrical source. International Journal of 
Applied Radiation and Isotopes, 3, 113-118. 

Lorvincer, R., Hout, J. G., and Hine, G. J., 1956. Inter- 
nally-administered radioisotopes. In Radiation Dosimetry, 
eds., G. J. Hine and G. L. Brownell (Academic Press, 
New York). 

LOEVINGER, R., and Berman, M., 1968. A formalism for 
calculation of absorbed dose from radionuclides. Phystes 
in Medicine and Biology, 13, 205—217. 

ManiNgLLI, L. D., Quimpy, E. H., and Hine, G. J., 1948. 
Dosage determination with radioactive isotopes: H. 
Practical considerations in therap yand Protection, 
American Journal of Roentgenology, Radium Therapy and 
Nuclear Medicine, 59, 260—280. 

MavNEoRD, W. V., 1945. Energy absorption: IV. The 
mathematical theory of integral dose in radium therapy. 
British Journal of Radiology, 18, 12-19. 

Maynerorp, W. V., 1950. Some applications of nuclear 
physics to medicine, British Journal of Radiology, Supple- 
ment 2,171. 


JaNvaRY 1976 


A modified geometric factor approach to internal gamma ray dostmetry 


QuiMBy, E. H., FIETELBERG, 5. and Gross, W., 1970, In 
Radioactive Nuclides in Medicine and Biology — Basic 
Physics and Instrumentation, pp. 129, (Lea and Febiger, 
Philadelphia). 

Reppy, A. R., EtLLErr, W. H., and Browne ir, G. L., 1967. 
Gamma-ray dosimetry of internal emitters: IH Absorbed 
fractions of low energy gamma-rays. British Journal of 
Radiology, 40, 512-515. 

Reppy, A. R, Gupta, M. M., and NAGARATNAM, A., 1971. 
Dosimetry of spherical sources (Abstract), HH Annual 


e 


Book review 


Positioning in Radiography. By K. C. Clark, 9th edn, Vols. 
1 and 2, pp. 786, 1974 (Published for [fords Ltd. by William 
Heinemann Medical Books Ltd.), £15-00. 

The compilers of the ninth edition of Positioning in 
Radiography have chosen to divide the subject-matter be- 
tween two volumes so that “a more extensive coverage of 
each subject in both volumes has been possible". Writing 
as one who was brought up to believe that Miss Clark's 
book contained everything that one needed to know about 
radiographic technique, it is a little sad to find that these two 
volumes do not maintain that reputation. Some positioning 
has changed little or not at all, but modern apparatus and 
modern investigations have changed other radiographic tech- 
niques extensively, and it is obvious that the compilers are 
not always as familiar with new techniques as they should 
be. However, the high standard of presentation has been 
maintained, and some may think it has been enhanced by 
the addition of many new photographic illustrations, which 
will surely attract more males to the profession. 

The principle of two volumes, one for general radi- 
ography and one for special techniques, is a good one, but 1 
would query some of the decisions. For example, 1 would 
prefer Section 21 (temporal bones, optic foramina and ad- 
ditional views of the skull) to follow on from Section 9 
(skull), since most of these views are carried out routinely, at 
least in larger departments; orthodontic techniques might 
be better included in the dental section while arthrography, 
expanded to include double contrast techniques, would 
seem more suitable for Volume 2. 

Comparative exposure factors are always useful, but those 
given would have even more value if at least the type of 
generator used had been quoted, e.g. 2 pulse, 6 pulse, etc. 
‘xposures for non-screen film used for extremities have 
been omitted, although this type of film is still used in 
many departments. 

Unfortunately, too many of the radiographs used to illus- 
trate technique are just not up to standard, faults including 
absence of markers, poor exposure factors, poor abdominal 
preparation, absence of lead protection and, in the angio- 
graphic section of Volume 2, poor radiological technique. 
There are also many instances in which the text does not 
agree with the photographic and/or the radiographic illus- 
tration. In particular, the photographs illustrating the tech- 
nique for mammography will not provide good radiographs. 

It is of course very difficult for a book of this kind to be 
kept up to date with advances in the equipment used for 
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radiography. However, where new equipment affects the 
radiographic positioning used, it would be an advantage 
to include this, e.g. Mimer or Neurodiagnost and Orbix. 
There can be no excuse for the suggestion in the angi- 
ography section that the mA from one generator can be 
split between the two tubes in bi-plane angiography, since 
this practice was discarded many vears ago due to the fact 
that the films were not of a sufficiently high standard. 

Many of the sections are not in keeping with modern 
practice as previously stated, but it is impossible to detail 
all the parts that need reduction or enlargement. The fol- 
lowing is only a sample with suggestions for improvement: 

Special views of the skull: the section on the petrous 
bone would benefit from a more rational treatment. Very 
few ENT surgeons still require films of the mastoid tips 
or many views of the mastoid air cells, but do require fur- 
ther views of the middle ear (Mayers, Guillen and Chausée). 

G.U. system: the description of IVU is inadequate; there 
is, for example, no mention of the danger of dehvdrating 
patients in renal failure. Other additions could include ad- 
vice on the technique and amount of contrast medium for 
renal failure; a better description of micturating cysto- 
grams recorded on video-tape or cine, and description of 
the technique for cyst puncture and nephrostogram. Angi- 
ography should be omitted from Volume 1. 

G.I. system: additions should include double contrast 
techniques for the stomach, duodenum and colon. 

Female reproductive system: 25 out of 30 pages are 
devoted to the pregnant abdomen. With the increase in the 
use of ultrasound, the need for radiography in pregnancy is 
diminishing, so perhaps a section could be added for 
ultrasound and more space given to gynaecography. 

Angiography: this section is, I think, an absolute disaster. 
Ruthless pruning is needed of all the out-of-date material, 
better radiographs are required, and many techniques must 
be added, including venacavography and adrenal ven- 
ography. The parton phlebography is particularly inadequate 
as is the part on renal angiography. 

It would be better if, for future editions, radiographers 
who are expert in certain fields were invited to compile the 
specialist sections, since it is quite impossible for anyone 
else to provide the necessary detail and knowledge that 
comes from practical work in a specialist department. I am 
sure that if this is done Miss K. C. Clark will once more be 
on the pedestal where she belongs. 

P. M. HOFFMAN. 
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ABSTRACT 

"Three fractionated X-ray schedules were used, with and 
without the electron-affinic radiosensitizer of hypoxic cells, 
Ro-07-0582, to determine the local control of first-gener- 
ation transplants of spontaneous mammary tumours in 
CaH mice. Three or five fractions were given in either four 
or nine days overall time. The results were compared with 
acute skin reactions im other mice caused by the same 
treatment schedules. For a given skin reaction, the local 
control of tumours varied widely, from good to bad, when 
different X-ray oniy schedules were used. All three schedules 
using Ro-07-0582 however vielded good results. It appears 
that the use of the hvpoxic-cell radiosensitizer took the 
unreliability out of these short fractionated treatments. 


Electron-affinic. drugs administered before X-ray 
treatment have been shown to enhance the radio- 
sensitivity of hypoxic cells zn vitro (Asquith et al., 
1974) and in solid tumours (Begg, Sheldon and 
Foster, 1974; Sheldon, Foster and Fowler, 1974). 
These drugs mimic the radiosensitizing effect of 
oxygen but diffuse more readily to the hypoxic cells 
because they are not so rapidly metabolized. The 
single X-ray dose required to cause a given response 
in solid tumours in mice was found to be reduced by 
factors of up to 2-2 by the drug 1-(2-hydroxy-3- 
methoxypropyl)-2-nitroimidazole (Ro-07-0582) in a 
number of murine tumours (Fowler and Adams, 
1975; Denekamp and Harris, 1975). The "enhance- 
ment ratio" (ER) found for local control of first- 
generation tumour transplants in C3H mice, as used 
in the present work, was 1:8 for the high drug dose of 
i mg/g body weight (Sheldon et al., 1974). 

When multiple doses of X rays are used to treat 
tumours, as in clinical radiotherapy, the net radio- 
sensitization would be expected to be smaller than 
with single doses if physiological reoxygenation of 
the hypoxic cells in the tumour causes their number 
to be reduced during the course of the multi-fraction 
treatment. The present experiments were carried 
out in a tumour system known to be rapidly re- 
oxvgenating (Fowler et aL, 1972), in order to 
investigate whether any useful degree of radio- 
sensitization was obtained with fractionated radio- 
therapy in such a tumour. 


MATERIALS AND METHODS 


First generation transplants of spontaneous 
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mammary carcinomas were implanted subcutane- 
ously on the anterior chest wall of C3H mice from the 
Gray Laboratory inbred colony and used as des- 
cribed before. They were irradiated with 240 kV 
X rays (230 rads/minute; HVL 1:3 mm Cu) on 
reaching a mean diameter of 6-5-4-1 mm (Fowler et 
al., 19742). During irradiation mice were surrounded 
by oxygen at atmospheric pressure warmed to 
25--1?C in order to compare results with other 
work (Fowler et al., 1972). 

Mice receiving the drug Ro-07-0582 were injected 
intraperitoneally, 30 minutes before starting each ot 
the irradiations, with 0-67 mg/g bodyweight of 
Ro-07-0582 dissolved in isotonic saline. All mice 
were anaesthetized with 60 mg/kg pentobarbitone 
sodium in isotonic saline injected intraperitoneally 
15 minutes before starting the irradiations. The mice 
were given bemegride (Nicholas Products) (0-5 mg 
i.p.) after irradiation to aid resuscitation. 

The fractionated treatments were given at corres- 
ponding times of day, usually in the morning. The 
mice were turned through 180 deg. halfway through 
each irradiation to ensure dose uniformity in the 
tumours. 

Three fractionation schedules were used which 
had previously given good, mediocre and poor 
local control of tumours respectively for a given skin 
reaction caused by the same schedules in mice 
(Fowler et al., 1974a); i.e. five fractions in nine days 
(SF/9d), three fractions in four days (3F/4d) and 
five fractions in four days (5F/4d). 

After irradiation, tumours were measured at 
intervals of one or two weeks for 150 days from the 
mid-time of the irradiation. Any tumour growing to 
larger than 6 mm mean diameter was scored as a 
"recurrence". At 150 days, tumours under 4 mm in 
mean diameter were scored as "controlled". Those 
between 4 mm and 6 mm inclusive were scored as 
"ambiguous" and rejected from the analysis. 
Results were plotted as the proportion of tumours 
locally controlled for 150 days versus X-ray dose. 
The value of TCD 50 (dose required to control half 
the tumours) was computed as before using a pro- 
gram which also yields a best-fitting value for De’, 


January 1976 


Radiosensitization of C3H mouse mamary tumours using fractionated doses of X rays 


the inverse slope of the cell-survival curve required 
to fit the data (Porter and Peters private communi- 
cation) and described by Fowler et al. (19742). The 
values of Do’ are usually found to be several times 
larger than the cellular mean lethal doses, Do, deter- 
mined from in vitro or in vivo cell-survival curves, 
even if values of about Do —300 rads for hypoxic cells 
are considered relevant. This is partly due to variable 
tumour size, to variations in the number of hypoxic 
cells in different tumours, and also to the use of 
multiple X-ray fractions. 

For each fractionation schedule two such dose- 
response relationships were determined concurrently, 
one for the mice receiving Ro-07-0582 plus X rays 
and the other for the control group receiving X rays 
only. All the experiments were carried out on female 
mice, after July 1973, £e. after the period of drift in 
tumour control doses described previously (Fowler 
et al., 1975a; 1975b). 

Although the dose-response relationships for acute 
skin reactions in the feet of WHT/Ht mice had pre- 
viously been determined for the present X-ray 
schedules (Fowler et al., 1974b), the schedules have 
recently been repeated with and without the drug 
(at the same concentrations), in order to test for the 
radiosensitizing potential of the drug Ro-07-0582 
in normal tissue. These results are to be published 
in detail elsewhere (Foster, 1975), but the very small 
amounts of radiosensitization that were observed in 
the skin reactions have been taken into account in the 
present results, as described below. 


RESULTS 


Table I and Fig. 1 show the results for local 
tumour control at 150 days. Table II shows the fate 
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Fic. 1. 


Tumour control probability versus total X-ray dose for the 

three fractionated schedules investigated. Full lines: 

Ro-07-0582 and X rays. Dashed lines: control X rays only. 
Error bars show standard errors of the mean TCD 50. 





of all the mice irradiated. The first three lines in 
Table II give the numbers of mice but the remainder 
of the table gives percentages. The number of mice 
lost from the experiments and therefore not analysed 


was significantly higher in the Ro-07-0582--- X rays 
than in the X rays-only groups. This disparity 
occurred within the first week, after which the losses 
were evenly distributed. These early losses have been 
divided into three types: 

(1) deaths at irradiation; believed to be due to a 
cumulative effect of Ro-07-0582 and anaesthetic on 
respiration; 

(2) deaths occurring overnight after irradiation, 
although the mice had apparently recovered from 
the anaesthetic; and 

(3) deaths due to the “0582 gut syndrome"; re. 
the stomach was very full of dry food whilst the rest 
of the gut was completely empty. The cause of this 
phenomenon is uncertain. Ro-07-0582 or a meta- 
bolite may inhibit either relaxation of the pyloric 
sphincter muscle or gastric secretion. It occurred in 
15 per cent of the SF/4d mice, usually on the fourth 
or fifth day after starting irradiation, but it did not 
occur in either the 3F/4d or 5F/9d régime. Therefore 
it seems to be related to daily dosage of the drug. The 
incidence of metastases did not appear to be influenc- 
ed by the drug Ro-07-0582 (‘Table IH). 

In the 5F/9d experiment the X-ray doses chosen 
were found to be too low (Fig. 1); this happened 
because the TCD 50 values for female mice had 
risen to equality with male mice since the previous 
experiments using this schedule (Fowler et al., 19742). 
The previously obtained TCD 50 for female mice, 
when multiplied by the appropriate correction factor 
of 1-28 to compensate for the male-female difference 
(Fowler et al., 1974a; 1975a), was 5,430 rads, in 
remarkably close agreement with the present value 
of 5,480 rads. Even if the slope of the dose-response 
curve for SF/9d treated with Ro-07-0582 and X rays 


(obtained by averaging other experiments) instead of 
280 rads, the resulting TCD 50 would still be 
significantly different from that for X rays only (see 
Table I). 

It can be seen from Fig. 1 that a significant 
enhancement of tumour control occurred in the 
groups irradiated with the radiosensitizer. The 
effectiveness of radiosensitizers ie usually defined 
in terms of the X-ray dose enhancement ratio, ER, 
which is the ratio of X-ray dose required to produce 
a given effect, say cure of 50 per cent of the mice 
with tumours, without radiosensitizers to the dose 
required with sensitizer. In this work the enhance- 
ment ratios found at the TCD 50 level were 1-11- 
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‘TUMOUR CONTROL RESULTS WITH AND WITHOUT THE RADIOSENSITIZER nds ad | 
TCD 50 is the X-ray dose required to control locally half the tumours at 150 days {rads . 1 s.e.m.) 

















gearainn amA O AAAA ——á menee Í 
" Schedule X rays only 0582 -+X rays 
| Number Number Total Number Number | 





controlled analysed rads controlled analysed 
B 3F/4d à 12 2, 550 0 8 7 
i 4 16 2.799 0 12 
| 4 14 3,099 1 12 
hi 14 3,399 4 15 
| 10 11 3,801 7 13 
| 4,501 9 12 
| 4, 250 :- 140 rads TCD 50— . 3,830. 110 rads 
| 780 rads Do' = 590 rads 
SF /4d 3,900 0 11 3,400 0 14 
| 4,300 2 14 3,800 3 13 
| 4,700 4 12 4,200 5 11 
5.100 2 10 4,600 7 12 
| 5,800 9 12 5,000 8 10 
| TCD 50— — 5,210. 140 rads TCD S0— 4,3604 120 rads 
| Do = 780rade Do = i 0 rads 
| SF 9d 3,750 0 12 2,600 0 7 
4,000 0 14 3,000 0 12 
i 4,250 2 10 3,400 0 13 
4.500 Q 13 3,800 0 13 | 
4,7850 2 9 4,200 1 9 | 
4,600 6 10 
| | 5,000 4 4 
! TCD S0-— 5, 5.480 - ~~ 170 rads TCD 50-— 4,510-- 90 rads 
| De = $ 50 rads Do = 280 rads 
Pak obtained TCD 50 for However if a Do value of 850 rads | 
female mice x 1:28: is assumed: 
5,4 30. d 200 rads TCD 50 a= 4, 890 -: -1-170 rads | 


TABLE Ii 
FATE OF THE IRRADIATED MICE 


























pr "T Sus 
5F/4d 5F/9d 
| X rays 0582 
$ MM TREE S. NUN 
N 65 82 
12 io. bos mice pana. sed S8 68 
| No. of mice lost fram 
Pran iin 7 14 
^4, lost from experiment 11 17 | 
C. ause of losses: (75) 
Jied at irradiation 9 
T Jied overnight after irradiation 1 
“0582 gut syndrome” (see text) 
i Metastases 9 7 
it njury 1 





| Marginal spontaneous tumours 
Ambiguous tumours at 150 days 
Ao. PLM. possible 
Days after starting irradiation: — *— 5 and 7 days 
T-71 days 
12:10 days 
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0-05 s.e. m., 1-19-4+-0-05 and 1:22 4- 0-05 for the 3F/4d, 
SF/4d and 5F/9d schedules respectively. These ERs 
are smaller than that of 1:8 previously found for 
single X-ray doses at the TCD 50 level using a 
larger drug dose of 1 mg/g bodyweight (Sheldon 
et al., 1974). In order to compare the therapeutic 
effectiveness of the different schedules however, we 
have to assess the relative levels of injury to normal 
tissues. No complete data are yet available for any 
normal tissue except the skin of mice, although the 
present tumour control results can in future be 
reassessed as soon as data become available for other 
normal tissues. 

The effect of the same three fractionation 
schedules using Ro-07-0582 and X rays on the skin 
reactions of WHT/Ht mice revealed no consistent 
enhancement of radiation effect. In two out of five 
experiments no enhancement was detected and in 
three a small ER, of less than 1-05, was seen over a 
range of mean acute skin reactions from about 0-8 
to 1-8. These results will be published in detail 
elsewhere (Foster, 1975). It is clear that no signifi- 
cant enhancement occurred at average skin reactions 
of 1-5 for the fractionated schedules. However, an 
ER of about 1:15 was found for single X-ray doses. 
This probably corresponds to sensitization of the 
small proportion of hypoxic cells in skin that can be 
demonstrated when large single doses of X rays are 
used, as here (Withers, 1967). Therefore, the 


FOR SKIN REACTION 1.5 


75 

Ro-O7-O582 & 

: WITH X-RAYS 

g 

E 

: ! 

: 2». 

: LLL DP», 

: Ln 

: LLLP PN 
OD 

> 7 

D 

: i8 





OVERALL TIME (DAYS) 
Fic. 2. 


‘Tumour control probability for skin reactions of 1:5 versus 
overall time in days. The two left hand points are for single 
doses. Vertical arrows show the improvements in tumour 
control caused by use of the drug Ro-07-0582, The error 
bars are combined s.e.m.'s for both tumour control and 
skin reaction results. The result for single doses with 
Ro-07-0582 includes an allowance for an X-ray dose 
enhancement ratio of 1:15 for the skin reactions. 


previously published fractionated X-ray doses 
required to yield this level of skin reaction (Fowler 
et al., 1974b) could be used for the comparison, but 
the published single doses have to be divided by 1-15 

Tumour control probabilities at the X-ray doses 
which yielded skin reactions of 1-5 are shown in 
Fig. 2. A shaded area is also shown corresponding to 
the range of tumour control probabilities previously 
obtained with these and other fractionated X-ray 
schedules, all for skin reactions of 1:5 (Fowler et al., 
1974a; 1975a) In addition the corresponding 
results for single X-ray doses are shown, using the 
tumour control data from Sheldon et al. (1974) with 
an allowance made for the skin reaction ER of 1-15 
for single doses mentioned above. 

The vertical arrows in Fig. 2 indicate the extent of 
radiosensitization achieved by Ro-07-0582 plus 
X rays in this tumour system, for a standard skin 
reaction, All three fractionated schedules and the 
single doses were improved, so that they became 
near the upper border of the results obtained pre- 
viously with the best X-ray only schedules. 

Separate experiments were done to investigate 
the possibility of reduced serum concentrations of | 
Ro-07-0582 which might arise if the repeated drug 
doses in these experiments induced the formation of 
enzymes which can rapidly destroy the drug. It was 
however found that the peak serum concentration 
was not significantly different after the fifth of five 
doses of 0-67 mg per gram bodyweight given in 
either four or nine days (Flockhart and Foster, 
1975). It may therefore be concluded that the present 
ERs, either in tumours or skin, were not reduced by 
any such enzyme induction affecting drug concen- 
trations. 


DISCUSSION 

All three fractionated schedules, and the single 
dose treatment, were improved by Ro-07-0582 so 
that they lay among the best results for tumour 
control found by any method of treatment (Fig. 2). 
This finding substantiates our previous claim that a 
small number of fractions given in a short overall 
time produced a low level of tumour control 
because of inadequate reoxygenation of the hypoxic 
cells in the tumours (Fowler et al., 1974a).The drug 
Ro-07-0582 is unlikely to work by any processes 
other than by reducing the number of hypoxically 
radioresistant cells in the tumour, either by their 
radiosensitization or by a relatively small direct 
cvtocidal effect (Sutherland et al., 974). 

The finding also demonstrates that the radio- 
sensitizer is effective for multi-fraction schedules 
although less so for those that give good therapeutic 
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results with X rays alone. The doses per fraction 
used here were quite large (800—1,400 rads) and the 
question remains open whether radiosensitization 
would also be obtained for schedules employing 
multiple small doses per fraction. 

The present results are in close agreement with 
those of two-fraction and five-fraction experiments 
on regrowth delay im a transplanted murine carcin- 
oma ‘NT’ recently carried out bv Denekamp and 
Harris (1975). 


CONCLUSIONS 

Where short fractionated schedules using X rays 
alone may give highly variable results, due to finely 
balanced factors affecting reoxygenation (Fowler et 
aL, 1974a; 19752) the use of the hypoxic-cell 
radiosensitizer Ro-07-0582 brings the effectiveness 
of all the schedules up to a good level, not signifi- 
cantly different from the best obtainable by other 
methods. Like fast neutrons (Fowler et al., 1972), 
electron-affinic radiosensitizers seem to take the 
unreliability out of fractionated X-ray schedules. 
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Neural arch dysplasia of the sixth cervical vertebra. "Congenital cervical 


spondylolisthesis" 
i, Moseley*, B.Sc., M.R.C.P., F.R.C.R. 


Royal National Orthopaedic Hospital, 234, Great Portland Street, London, W.1 


(Received March, 1975) 


In 1951, Perlman and Hawes described a young 
man with pain and stiffness in the neck after a pro- 
longed game of basketball in whom radiological ex- 
amination showed a complex malformation of the 
posterior elements of the 6th cervical vertebra, 
associated with a Grade 1 spondylolisthesis; the 
authors described the condition as "cervical spondy- 
lolisthesis". Since their report, a further nine cases 
have been described (Kau, 1954; Schlüter, 1956; 
Lissner, 1956; Csakany and Almos, 1959; Solarino, 
1961; Brocher, 1962; Niemeyer and Penning, 1963; 
Weidhopf, 1965), in addition to a similar malforma- 
tion affecting the 4th cervical vertebra (Durbin, 
1956), and a unilateral lesion, possibly a "forme 
fruste" (op den Orth, Penning and Kluft, 1969). 
Most of these authors also noted mal-alignment at 
the disc space below the affected vertebra, but 
Brocher (1962) suggested that this was a secondary 
phenomenon, and termed the anomaly “neural arch 
dysplasia” (Bogendysplasie); Csakany and Almos 
(1959) proposed the title “C6 symptom-complex" in 
view of the constant level of affection. 

The present report is the first in the British radiolo- 
gical literature. 


Case history 

A 14-year-old boy was seen at the Roval National Ortho- 
paedic Hospital, having injured his neck in a fall two weeks 
previously, and again on the day of admission. Examination 
showed marked torticollis, tenderness of the spines of the 
3rd and 4th cervical vertebrae, and reduced neck flexion; 
there were no neurological signs. Next day the signs and 
symptoms had cleared; the patient was discharged and has 
remained symptom-free. 

Radiological examination showed abnormalities involv- 
ing mainly the 5th and 6th cervical vertebrae, particularly 
the latter (Fig. 1). The neural arches were reduced in height, 
and the normal obliquity of the posterior intervertebral 
joints was decreased. The spines of both vertebrae were 
well developed, but unfused in the midline. The bodies 
were also lacking in height, and there was anterior displace- 
ment of about 5 mm of the 6th vertebra on the 7th, Probable 
defects were seen running across the pars interarticularis. 
There was a right cervical rib, and a well-developed ponti- 
culus posticus. Flexion and extension views showed only 
limited movement of the lower cervical spine. 
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DISCUSSION 


The typical features of this condition are as 
follows: 

(1) Clinical: All but one of the patients have been 
male (Brocher, 1962). The presentation has been 
very varied, but most patients have complained of 
neck, arm or shoulder pain of very variable duration. 
A definite history of trauma has commonly been 
lacking. Physical examination has been negative, 
or shown local tenderness; neurological signs have 
always been absent. 

(2) Radiological: The basic abnormality is a dys- 
plasia of the posterior elements of the 6th cervical 
vertebra, manifest as: 

(a) Spina bifida. Only the otherwise atypical cases 

of Durbin (1956) and op den Orth et al. (1969) 

lacked this feature. More than one level may be 

involved, as in the present case, and those of 

Brocher (1962) and Schlüter (1962). This dys- 

raphism has not been associated with external 

stigmata. 

Spondylolysis. A break in the pars interarticularis 

on one (op den Orth et al. 1969) or both sides 

has been an almost constant feature, although 

Perlman and Hawes (1951) described merely 

"extreme thinning" of this structure. 

(c) Affection of the posterior intervertebral joints. 
Abnormal inclination of the superior and inferior 
articular factes of the affected bones has often 
been associated with hypertrophy of the adjacent 
articular processes, particularly those of the 7th 
vertebra. In three cases: those of Lissner (1956), 
Brocher (1962) and the present case, the joints 
of the 5th vertebra were also dysplastic. 

The most common associated abnormality is 
forward slip, usually of not more than 3-4 mm, of 
the 6th on the 7th cervical vertebrae; only the uni- 
lateral lesion described by op den Orth ez al. (1969) 
did not show this. Whether this is a result of the 
break in the pars, or of the joint dysplasia, or both, is 
not clear. In the present patient, asin thatof Niemeyer 
and Penning (1962), no instability was shown, 
although Kau (1954) and Durbin (1956) found the 
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ticularis is seen at C6 (there is a possible break at C5), and there is a 5 mm forward slip of C6 on C7. C1 has a 
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ip to be completely reduced in flexion and in ex- patients have not given a clear history of injury, but 


ension respectively; Csakany and Almos (1959) several were. for example, labourers, in whom 
chronic minor neck trauma could not be excluded. 


ion, but did not comment on the spondvlolis- In the patient seen by op den Orth et al. (1969) onh 


ted that the pars defect became more obvious in 


four days after acute trauma. the break in the pars 
Several patients (Kau, 1954: Durbin, 1956) 


showed, like the present case, unequivocal deformity 


interarticularis was nevertheless well corticated. 


l'his dysplasia would thus seem to be an inciden- 


t the affected vertebral bodies. The present report tal finding in the majority of cases. but represents 


is the first including a cervical rib, although Wid- an anomaly with which the radiologist should be 
pf (1965) did comment on a persistent apophysis familiar 
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Fig. 1. 


Cervical spine 
(c) and (D) oblique projections. ‘The dysplastic neural arches are well seen 
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Primary malignant nodule. Variation in size with pulmonary venous 


pressure 


By P. M. Lams, M.B., B.S., D.M.R.D., and J. E. Williams, B.Sc., F.R.C.P.(Ed.), F.R.C.R. 
Department of Diagnostic Radiology, St. George's Hospital, London, S. W.1 


(Received July 1975). 


Primary lung carcinoma, presenting as a solitary 
pulmonary nodule, increases in size when examined 
over a period of time; rarely it may remain static, 
Steele (1967), Good (1963), Davis, Peabody and 
Katz (1956). 

The case presented demonstrated significant 
reduction in size of a solitary pulmonary nodule on 
two occasions. Subsequently the lesion was shown 
to be a primary squamous-cell carcinoma. No similar 
case has been traced in the literature. 


C'ase history 

A 55-year-old man was found to be diabetic ten vears 
previously, Chest X ray at that time showed calcified 
tuberculous lesions at the left apex and right hilar calcifi- 
cation, but no other abnormality. 

The recent history was of congestive cardiac failure. Chest 
X ray on admission showed cardiomegaly, upper zone blood 
diversion and a large right pleural effusion. The tuber- 
culous lesions at the left apex were unchanged. 
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1972. 
pleural effusion, a nodule is seen in the right mid zone, 
diameter 2 cm 


December 4, 


Following reduction in size of the 
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After five days of treatment a repeat chest X ray showed 
that the right pleural effusion had decreased in size to reveal 
a 2 cm rounded opacity in the right mid zone (Fig. 1). 
Sputum cytologv and culture were negative for malignant 
cells and tuberculosis respectively. A diagnostic pleural tap 
showed xanthochromic fluid with no evidence of malignant 
cells. The nodule at this time was thought to be a tubercu- 
loma or bronchial carcinoma, and it was decided to observe 
its progress. 

A further chest X ray four months later showed the 
opacity to be smaller, having a diameter of 1:5 cm. The 
pleural fluid had cleared and cardiac size was normal 
( Fig. 2). 

Six months later the nodule had increased in diameter to 2 
cm. 

One year after his original admission, the patient again 
went into congestive cardiac failure. Chest X ray showed 
cardiomegaly, upper zone blood diversion and a return of a 
right sided pleural effusion. The nodule was now oval and 





Fic. 2. 
March 21, 1973. Heart size is now normal and the pleural 


Huid has absorbed. Nodule is less well defined. Maximum 
dimension 1:5 cm. 
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measured 4-5 by 3 cm (Fig. 3). With treatment the patient 
improved and a repeat chest X ray six days later showed a 
reduction in cardiac size and in the amount of the pleural 
fluid. There was a concomitant reduction in size of the 
nodule to 3 by 2 cm (Fig. 4). Sputum cytology was again 
negative for malignant cells, and culture showed no growth 
of tubercle bacilli. Needle biopsy of the lesion showed 
clumps of squamous cell carcinoma and these findings were 
confirmed after right upper lobectomy. Examination of the 
specimen showed a poorly differentiated squamous cell 
carcinoma arising from the proximal part of the posterior 
segmental bronchus. There was no evidence of any other 
pathology in or around the lesion. ‘The bronchial stump was 
free of tumour tissue. 


DISCUSSION 

Few authors, e.g. Nathan (1974) would advocate a 
policy of observation for a newly-discovered solitary 
pulmonary nodule of uncertain aetiology. Where 
such a lesion has been inadvertently observed for 
some time, however, comparison with previous 
films may be invaluable. Many authors have stressed 
the importance of an increase in size as a diagnostic 
feature of malignancy. Rarely such lesions may 
remain static. 

Steele (1963) and Good (1963) consider that 
failure to grow over a two-year period makes it 
highly unlikely that a nodule is malignant, while 
Davis et al. (1956), would prefer a five-year period 
before deciding against an exploratory thoracotomy 





Fic. 3. 


December 19, 1973. Cardiomegaly and effusion again 
present. The nodule is oval and measures 4-5 by 3 cm. 
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for a doubtful lesion. No published report of a 
primary malignant nodule showing a spontaneous 
decrease in size has been traced in the English 
literature. 

In this case all the films illustrated were taken 
using standard postero-anterior projection with a 
target to film distance of 6 ft. Significant variation in 
size due to radiographic factors can therefore be 
discounted. 

The nodule showed a reduction in size on two 
occasions. In the first instance this occurred over a 
period of 15 weeks, and in the second over six days. 
The size of the nodule correlates well with clinical 
and radiological evidence of changes in pulmonary 
venous pressure, the nodule enlarging when the 
patient went into congestive cardiac failure and 
increasing when his condition improved. 

In view of this, and of the speed with which the 
nodule reduced in size on the second occasion, it is 
asserted that a causal relationship exists between 
nodule size and pulmonary venous pressure. The 
precise mechanism involved is uncertain. Nodules in 
this situation drain via the pulmonary venous system 





Fic, 4. 
December 25, 1973. Following improvement in heart 
failure the nodule is smaller and measures 3 by 2 cm. 
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and the changes in size presumably reflect the accu- 
mulation and subsequent dispersal of fluid in or 
around the lesion consequent on changes in pul- 
monary venous pressure. In this context it is im- 
portant to note that the resected specimen showed 
the tumour itself but no evidence of other path- 
ology; in particular there was no evidence of as- 
sociated collapse or consolidation distal to the lesion. 


SUMMARY 
A squamous-cell carcinoma presenting as a soli- 
tary pulmonary nodule in a patient with congestive 
cardiac failure is described. Significant changes in 
size of the nodule were observed to correlate well 


around the nodule when the venous pressure rises 
and subsequently dispersing when the pressure falls. 
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The computed axial tomograph in acute herpes simplex encephalitis 


By J. L. G. Thomson, M.D., F.R.C.P., F.R.C.R. 
Department of Radiology, Frenchay Hospital, Bristol 


(Received Tune, 1975) 


lf there is to be any benefit from the treatment of 
herpes simplex encephalitis, diagnosis must be 
made early on in the disease, possibly even within 
the first 48 hours. A major difficulty arises because 
many of the patients do not develop symptoms and 
signs severe enough at an early stage to warrant a 
brain biopsy, which is often the only method of 
establishing a definite diagnosis. By this method the 
virus can usually be recognized by immuno- 
fluorescence studies, electron microscopy or virus 
culture. Prior to this the presence of a sterile lympho- 
cvtosis in the cerebrospinal fluid and slow wave 
activity on the EEG with increased spikes may 
suggest the diagnosis, and special radiological 
studies may be of considerable further assistance. 

A recent paper by Pexman (1974) described the 
angiographic and  brain-scan features of acute 
herpes simplex encephalitis, from a survey of 11 
cases, in which a characteristic picture of a temporal 
lobe mass with persistent filling of some terminal 
arteries, local areas of hypervascularity, staining or 
blush, and early venous drainage was found with the 
former investigation, and a wedge-shaped area of 
abnormal uptake in the anterior view in the latter, 
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from the fifth day of the illness onwards. In Bristol, 
we recently investigated a case of herpes simplex 
encephalitis with the EMI scanner as well as a brain 
scan, and as the appearances in the former were 
thought to be typical of the disease, it might be 
valuable for other centres, particularly those with 
access to a scanner, to be aware of the potential of 
this technique. 


Case history : 

The patient was a female student nurse aged 20 years, 
who, previously healthy, developed a flu-like illness with a 
sore throat and headaches, followed seven days later by neck 
stiffness. Later that day she became drowsy and confused 
with a temperature of 38°C. A lumbar puncture at that time 
showed a pressure of 130 mm, 150 WBC mostly lympho- 
cytes per mm? and a sugar of 80 mg/per cent, findings 
which were interpreted as an aseptic meningitis. 

The following day she developed photophobia and started 
to vomit, becoming more confused and disorientated, with 
the onset of focal fits involving mainly the right side of the 
face. She developed an infection in the right lung, and 
eventuallv a tracheostomy tube was inserted. She was 
transferred to the Regional Neurological Unit under the 
care of Dr. M. J. Campbell on the 14th day of her iliness, 
deeply unconscious, with focal fits and unreactive pupils. 
On the same day she had a linear isotope scan and an EMI 
scan of her brain (Fig. 1). The first showed a wedge-like 
uptake in the left temporal region extending to the lateral 
margin of the brain in the antero-posterior view similar to 
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EMI scan taken on 14th day of illness showing normal- 
sized ventricles with a slight shift of the septum pellucidum 
to the right of the midline. 


those described bv Pexman, and the latter showed normal- 
sized ventricles, with a slight shift of the septum pellucidum 
to the right of the midline, together with areas of low 





absorption coefficient in both temporal lobes more marked 
on the left, and extending into the frontal and parietal 
regions, interpreted as areas of encephalitis. In view of the 
typical distribution the appearances were thought to be 
characteristic of a herpes simplex infection. This was con- 
firmed by brain biopsy later the (Mr. Huw 
Griffith). The brain was found to be tight and bulging and 
the cortex was red. Dr. D. M. Brownell reported the smear 
as showing an oedematous white matter with considerable 
fresh haemorrhage, and infiltrate of inflammatory 
consistent with encephalitis, Dr. A. Clark reported that 
fluorescent antibody preparations gave a positive result for 
herpes simplex virus, and in addition herpes simplex virus 


same day 


£ ells 


was isolated from the brain tissue after 24 hours, and also 
from the throat swab. She was treated with Cvytosine 
Arabinoside and steroids and nursed in the ICI but 


deterioration continued, with death occurring five days after 
admission. A brain section after fixation, in the same plani 
the EMI scan confirmed the ventricular shift to the 


right and the widespread swelling and haemorrhagic soften- 


as 


ings in both temporal lobes, particularly on the lett 
Histology confirmed the changes of acute encephalitis 
(COMMENT 
In Pexman's series, positive findings at angio- 


graphy were noted in cases investigated between the 
5th and 21st day after the onset of the illness, and 
the brain scans, carried out between the 8th and 21st 
dav, were all positive. Our investigations were 
carried out on the 14th day of the illness, but it 
seems very likely that the EMI scan might well be 
positive if carried out much earlier than that 
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Granular cell myoblastoma is a relatively uncommon 
lesion of disputed histogenesis which is seen most 
frequently in the subcutaneous tissues and in the 
tongue (Strong, McDivitt Brasfield, 1970). 
It rarely occurs in the bronchus; Weitzner and Oser 


and 


in a search of the literature could onlv find 30 cases 
to which thev added one of their own. 
Many the 
nature of 
neoplastic, either a degenerative reaction (Ewing, 


authors have discussed origin and 


the lesion, some regarding it as noi- 


1940: Willis, 1960) or a storage disorder (Azzopardi, 


1956; Shear, 1960), but most regarding 1t neo- 


d 


plastic. However, the latter disagree on the cellular 
origin of the neoplasm, the suggestions being neural 
(Ashburn and Rodger, 1952; Fisher and Wechsler, 
1962), myogenic (Murphy, Dockerty and Broders, 
1949), fibroblastic (Pearse, 1950) and mesenchymal 
(Toto and Restarski, 1967). 
available evidence and adding 


Reviewing the 


evidence of their own from electron microscopic 


(ase 
Komorowski and Kuzma (1970) 


favoured an origin from the Schwann cell and 
emains the most popular hypothesis. 

view of the rarity of the lesion in the bronchus 
discuss briefly the rather unusual 


aphiCc appearances 


Histor 
rse aged 40 years, had been in good health until 
three years before admission. Over this three-4 Cul 
he had ey enced attacks of increased cough with 
t sputut I) iring one of these attacks in October 
me nt I ctasis in the left ipper lobe was de- 
on chest X ra [wo months later this had cleared 
tel lv t ippear in exactly the same situation 
ı subsequent exacerbation of symptoms in April 
} ti ) O1 there was also a mall dens« shadow 
to the uppe pole of the left hilum (Fig. 1). A left 
OUT it this stage snowed a fattened hlling defect 
nt r segmental bronchus of the left upper lobi 
imitted for surgery in Julv, 1973, On examina- 
ht-looking, shghtlv overweight woman with 
pnvs signs in the respirators system. Hae- 
not i ! a sput im cvtolog \ showed no malig- 
Bronchos nm with a rigid bronchoscope Was 
epi ronchogram showed the same features 
t the pleura was free and the left 
om ppca irmal, but a nodu ir mass was found 
iti with the left upper lobe bronchus. A left 





DOsIero- terit cha 


radiograph showing linear 
«lacent to the left hilum 


| , 
ant «T1 | | ISS 


NN 





repo is 


lobectom^ Was 


pertormed and on 
bronchus a smooth, rounded tumour 2:1 


upper opening the 
1-8 cm Was seen 
projecting into the lumen of the anterior segmental bron- 
chus, reducing its lumen by about 50 per cent. 

Histological revealed a well-circumscribed 
lesion pressing into the bronchus covered by intact bron- 
chial epithelium and not arising therefrom (Fig. 4). It was 
composed of rather uniform elongated large cells (Fig. 5) 
with moderately eosinophilic granular cvtoplasm and some- 
what indistinct boundaries. The nuclei were large with a 
tendency to elongation but nucleoli on the whole were not 
conspicuous and mitotic figures were not a feature. ‘The 
granules were rather weakly PAS-positive and their diastase 
resistance equiveox al but the appearances wert considered 
those of granular cell mvoblastoma. 

| he patient s 


examination 


uneventtul and one 


ias well with no evidence of recurrence 


í onvalescence was 


vear later she ren 


or the development of fresh lesions elsewhere 


DISCUSSION 
By comparison with the cases reviewed by Weitz- 
ner and Oser (1968), our case appears typical in age 
group, clinical presentation and situation. In their 


Fic. 2. 


Lett bronchogram showing smooth-filling defect in anterior 


segmental bronchus of the left upper lobe 
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series the lesion presented most frequently in. the 
fourth and fifth decades of life with a history of 
‘repeated pulmonary infection" in one-third of 
cases and was twice as frequent in the upper lobes 
as in the lower lobes. However, in only two out of 
31 cases did the lesion occur in a segmental bronchus; 
the lobar bronchi, main bronchi and trachea were 
the usual sites. 

In the case reported here, the relatively long his- 
tory with very slow progression of X-ray changes 
suggested a benign lesion but a histological diag- 
nosis was not made pre-operatively as the lesion was 
not seen at bronchoscopy. 

The bronchographic appearances of localized 
narrowing of a bronchus is unusual in neoplastic 
disease of the lung. À primary carcinoma nearly 
always completely occludes the bronchus before 
producing symptoms; it then grows through the 
bronchial wall and its proximal extension compres- 
ses the bronchus externally to produce the charac- 





Fic. 3. 


Diagram of left bronchogram to show extent of filling defect 
(hatched area). 


teristic "rat-tailed" narrowing. A bronchial ade- 
noma most frequently produces a rounded blunt 
obstruction of a bronchus indistinguishable from a 
carcinoma. However, in about one-third of cases it 
widens the lumen proximal to the obstruction by 
growing entirely within the bronchus and stretching 
its wall. This so-called “‘wide-lumen sign” is almost 
pathognomonic of bronchial adenoma (Nelson and 
Christoforodis, 1973). Granular cell myoblastoma 
is a slow-growing submucosal lesion which enlarges 
submucosally often without breaching the mucosa, 
giving rise to a localized smooth-filling defect. 





Fic, 4. 


Intact bronchial epithelium covering the lesion (original 
magnification x 13). 





Fic. 5. 


Elongated large cells with granular cytoplasm and large, 
rather elongated nuclei (original magnification x 130). 
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Localized bronchographic filling defects may be 
artefactual due to bubbles or mucus; these are not 
consistent from film to film. Smooth concentric 
narrowing may be due to local bronchial spasm, 
particularly in patients with asthma or chronic 
bronchitis. Other benign conditions to be consid- 
ered in the differential diagnosis of a localized filling 
defect are fibrosis secondary to tuberculous endo- 
bronchitis and sarcoidosis (Simon, 1971). 

Localized smooth bronchial narrowing cannot, 
therefore, be regarded as pathognomonic of the 
very rare granular cell myoblastoma, but is nearly 
always associated with a benign lesion. 

Although fibre-optic bronchoscopy, bronchial 
brushing techniques under fluoroscopy and high- 
speed drill biopsy are all becoming fashionable, it 
is felt that bronchography, by demonstrating char- 
acteristic filling defects, can still play an important 
part in establishing the diagnosis. 
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The double pyloric channel has been described as a 
rare malformation which in the past has been con- 
sidered congenital (Christien et al., 1971). 

In recent years, however, some case reports have 
indicated that this lesion may be acquired (Hansen 
Kronborg and Pedersen, 1972; Drapkin et al., 1974; 
Farack et aL, 1974). Since, to our knowledge, no 
reports on this matter have yet appeared in the 
radiological literature, we feel it important to pub- 
lish our case. 





Case history 

A 43-year-old man with a 20-year history of upper ab- 
dominal discomfort was admitted to the Department of 
Surgery, Glostrup Hospital, Copenhagen. His pains were 
worse before meals, and relieved on taking food. They 
were associated with nausea, heartburn and occasional 
vomiting. There was no history of melaena, 

Ten months previously he had been admitted to the 
Department of Medicine with severe melaena, anaemia 


90 


(Haemoglobin 6:7 g per 100 ml.) and pronounced upper ab- 
dominal pains. Upper gastro-intestinal X-rav studies re- 
vealed a prepyloric ulcer on the lesser curvature of the 
stomach (Fig. 1). Other laboratory findings at that time 
were normal, particularly bleeding and coagulation times. 
Following transfusion the patient recovered. Gastroscopy 
revealed a healing ulcer without any suspicion of malig- 
nancy. He was discharged from the hospital shortly after- 
words on a diet and antacids. 

On admission laboratory investigations were normal, 
and at gastroscopy no ulcer or other abnormalities were 
found in the prepyloric region. However, a barium meal 
showed a normal pylorus coexisting with a narrow fistula 
between the prepyloric part of the stomach and the bulb 
of the duodenum (Fig. 2). No operative treatment was 
instituted and the patient was discharged from hospital. 


DISCUSSION 
These findings demonstrate conclusively that 
double pylorus or more correctly expressed, gas- 
tro-duodenal fistula in the presence of a normal 
pylorus, may be an acquired lesion. 





FiG. 1. 

Ulcer in the prepyloric region. The films show no change 
in size or position of the ulcer when compared with films 
taken eight months previously. 


One of the cases reported by Farack et al. (1974) 
illustrates a similar mode of development of gastro- 
duodenal fistula from a previous ulcer. However, 
this is the first reported case where clinical relief of 
symptoms was related to the establishment of the 
fistula. One may suggest that formation of this 
second channel may reduce the patients pains by 
improving emptying of the stomach. 

Gastric retention was never found in this parti- 
cular patient. Nevertheless, taking his clinical 
improvement into consideration, the function of his 
spontaneous fistula might be compared with those 
made bv operative gastro-duodenostomies ( Lechner, 


Riedl and Dinstl, 1973). 


Fic. 2. (Below) 


Two months later at the site of the previous ulcer, distortion 
of the gastric wall can be seen; most likely because of post- 
ulcerative shrinkage and traction on the gastric wall. Anarrow 
fistula is demonstrated between the previous ulcer site and 
the duodenum, with patient in different positions (arrow) 
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The clinical features and radiological demonstration 
of a previouslv unreported venous malformation of 
the cavernous sinus are described. 


(ase history 

A 13-year-old boy was first seen by an ophthalmologist at 
one year of age when his mother noticed unequal pupils. 
At four vears of age, his right eve started to protrude and a 
diagnosis of a cyst behind the right eve was made bv à 
neurologist and ophthalmologist. 

At four and a half vears, the child was referred to an 
orthoptist and his findings were as follows :— 

Paresis of the right superior oblique and inferior oblique 
muscles and overaction of the left superior and inferior 
obhque muscles. Intermittent left hypertropia or right 
hypotropia for near distance. Right ptosis when tired. The 
right pupil was slightly larger than the left. 


Paevious MipiCAL HISTORY 
The child was born bv Caesarian section. He has recurrent 
tonsilitis. There is no history of trauma or fits. There is no 
relevant family history. 


Recent CLINICAL FINDINGS 
'ovember 13, 1971) 

An otherwise healthy, white, 13-year-old male presenting 
with shght proptosis of the right eye. Exophthalmometer 
readings-—right eve, 15 mm; left eve, 13 mm. No bruit was 
heard and no abnormality of conjunctival veins was observ- 
ed. There was drooping of the right lid but it was difficult to 
determine whether this was due to levator weakness or to 
habit closure of the lid in order to suppress the image coming 
from this eve. 





ch 


MovzMENTS OF THE Eye 
In the primary position of gaze, fixation was done by the 
left eve and the right eve was observed in a downward and 
inward position. There was no movement of the right eve 
past the midline. Left hyperphoria was seen in laevoversion 
and elevation. Diplopia was not elicited in any position of 
gaze. 


The corneal sensation and skin temperature of the face 
were normal and there was no anhydria. The maxillary and 
mandibular nerves were normal, The left pupil was larger 
than the right, However, direct and consensual light reflexes 
were brisk. Media, fundi, tensions and fields were all normal. 
Corrected visual acuity both sides —6/5. 

A clinical diagnosis was made of a partial right oculo- 
motor nerve and right abducens nerve lesion associated with 
shght proptosis. Sympathetic involvement was postulated 
to explain the constricted right pupil. 

A lesion situated in the anterior aspect of the right caver- 
nous sinus was diagnosed and the patient was sent for 
radiological investigation. 


RADIOLOGICAL FINDINGS 

A plain occipito-frontal view of the orbits (Fig. 1) 
showed the presence of opacities, varying in size 
from | to2 mm, superimposed on the right sphenoidal 
fissure and its margins. The margins of the fissure 
as well as the greater wing of the sphenoid showed 
diminution of bone density compared with the 
normal left side. 

The opacities were not visible on the plain 
lateral view, but were clearly demonstrable on both 
antero-posterior and lateral polytomography (Figs. 
2 and 3) to be lying within the anterior portion of 
the cavernous sinus. The medial wall of the caver- 
nous sinus was seen to be intact and the pituitary 
fossa was normal. 


Right common carotid angiography demonstrated 
normal internal and external carotid arteries. No 
"tumour" vessels were seen in the right orbit or in 
the right cavernous sinus. 
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Fic. 1 


Opacities overlying the right sphenoidal fissure (black 
arrow). 





Fic. 2. 


Antero-posterior tomography demonstrating the position of 


the opacities (black arrow) at the level of the anterior clinoid 
process, 





Fig. 3 


Lateral tomography demonstrating the position of the 
opacities below and behind the anterior clinoid process 
(black arrows). 


Orbital venography (Figs. 4 and 5) was carried out 
via a vein in the right frontal region. No abnormality 
was seen in the orbital veins. There was a large 
inferior orbital vein on the left side, but this 1s 
probably within normal limits. A collection of small 
“haphazard” veins was seen in the anterior portion 


Fic. 4. 
Postero-anterior subtraction view of orbital venogram 


showing "abnormal" vessels (black arrows) overlying the 
right orbit. 





Fic. 5, 


Lateral subtraction view of orbital venogram showing the 
position of the abnormal vessels in the cavernous sinus, 


of the right cavernous sinus corresponding exactly 
with the opacities seen in the plain films and on poly- 
tomography, 


DISCUSSION 


The radiological appearances in this patient 
suggest a vascular malformation in the anterior 


portion of the right cavernous sinus. 

The fact that it opacifies on orbital venography 
and not on arteriography, together with the opacities 
which are thought to be phleboliths, would suggest 
that the lesion is a venous malformation. 

The shape of the cavernous sinus varies con- 
siderably. According to Viallefont, 
Boudet (1959), there are three fundamental types: 


(1) 


Paleirac and 
A single large venous trunk on either side of the 
sella tursica. 

(2) A sinus composed of several individual veins 


running in a general antero-posterior direction. 
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A plexiform type where the sinus is composed 
of a multitude of small veins with rich anasto- 
moses. ‘The lumen of the sinus is traversed by 
trabeculae giving it the appearance of spongy 
tissue, 

Although the right cavernous sinus in this patient 
appears to consist of multiple channels, the calcifi- 
cation demonstrated within it must be considered as 
being pathological. Haemangiomata and varices in 
the orbit are well described (Viallemonte et al., 1959). 

In some patients a venous malformation may 
extend outside the orbit into the middle fossa 
(Hanafee, Sing and Dayton, 1968), through an 
enlarged sphenoidal fissure (Brauston and Norton, 
1963), onto the scalp, frontal bone or hard palate 
(Lloyd, Wright and Norman, 1971). Lloyd (1974) 
also describes two patients in whom a haemangioma 
within the muscle cone was associated with abnormal 
veins remote from the site of the haemangioma. In 
both patients these veins lay on the lateral orbital 
wall, 

The patient being described showed no evidence 
of a venous abnormality within the orbit and there 
was no evidence of an anomaly elsewhere in the skull 
or face. The condition at the present time is stable 
and surgery is not contemplated in the immediate 
future. 


CONCLUSIONS 

A hitherto undescribed entity of a venous mal- 
formation of the right cavernous sinus is described 
in a 14-year-old boy with proptosis and evidence of 
involvement of the right sympathetic and third and 
sixth cranial nerves. The lesion is confined to the 
cavernous sinus and there is no evidence of a con- 
comitant intra- or extra-orbital venous malformation 
or of an intra-cranial arterio- venous anomaly. 
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Bilateral renal cortical necrosis (BRCN) and renal 
papillary necrosis have been reported in infancy as a 
complication of gastro-enteritis, perinatal asphyxia, 
utero-placental haemorrhage, septicaemia, ex- 
sanguination, kernicterus, eclampsia, renal vein 
thrombosis, fetomaternal transfusion and anoxic 
shock (Mauer and Nogrady, 1969; Leonidas, 
Berdon and Gribetz, 1971). We wish to report a case 

N and papillary necrosis, with 





of combined BRCN 
some unusual radiological findings. 


Case history 

A female infant aged three months presented with a four- 
day history of severe gastro-enteritis followed by convul- 
sions. She was oliguric with metabolic acidosis. The urine 
contamed protein and red cells. The blood urea was 184 and 


the serum creatinine 2-5 mg/100 ml. The patient had a 
spontaneous diuresis without requiring dialysis. In the 
diuretic phase fluid, electrolyte and acid-base balance was 
corrected with difficulty. 

Four weeks after the onset of the illness, an excretory 
urogram was performed, At the time of the examination the 
infant was well hvdrated, polvuric, and 20 ml. of sodium 
iothalamate 54 per cent W/V (Conray 325) was injected 
intravenously. No calcification was present on the control 
film of the abdomen. Both kidneys were enlarged, measuring 
7:5 em in length. Prompt opacification of the calyces was 
seen, and all the calyces were noted to be dilated. The ureters 
were of normal calibre and there was no ureteric or bladder 
outlet obstruction. À striking feature was dense opacification 
of the renal cortex and the columns of Bertin, which 
occurred five minutes after injection of the contrast. The 
medullary zones were distinctly less opacified. This dif- 
ference in opacification of the cortex and medulla persisted 
for 30 minutes. After one hour there was a steady increase in 
overall kidney density, with equal opacification of the cortex 
and medulla, which persisted for four days (Fig. 1). 
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Fic, 1. 
Excretory urogram (four-day film) showing enlargement ot 
the kidneys and a prolonged dense nephrogram. 


At the time of this excretory urogram the patient was in 
the diuretic phase of acute renal failure with a blood urea of 
205 mg/100 ml., and there was no reduction in urine output 
during or after urography. A retrograde uretero-pyelogram 
showed that the ureters were of normal calibre but bilateral 
caliectasis was again demonstrated. The absence of ureteric 
or bladder outlet obstruction was confirmed. 

Nine weeks after the onset of the illness, bilateral ‘‘tram- 
line” cortical calcification, with calcification of the columns 
of Bertin, was observed on a plain radiograph of the abdo- 
men (Fig. 2). This calcification was only demonstrated with 
the patient prone and using a low kilovoltage technique, The 
calcification had completely disappeared 12 weeks later, and 
a repeat excretory urogram at this stage revealed the typical 
calyceal changes of papillary necrosis. ‘There was a marked 
reduction in renal size when compared with the initial 
urogram. At this time the patient's renal function had 
returned to normal. 


DISCUSSION 

There are numerous reports in the literature of 
bilateral renal cortical necrosis in infancy (Leonidas 
et al., 1971; Eskeland and Skogrand, 1959; Mauer 
and Nogradv, 1969), but the radiographic finding of 
cortical calcification following this disease in infancy 
has rarely been observed. Leonidas et al. (1971) and 
Whelan, Ling and Davis (1967) reported cases of 
bilateral renal cortical necrosis in infancy followed 
by cortical calcification. The cortical calcification 
observed in our patient was not visible on a radio- 
graph exposed with the usual radiographic factors 
employed for a plain film of the abdomen in an 
infant. It was only demonstrated using a low kilo- 
voltage technique, with the patient in the prone 
position, and was not observed in the radiograph 
taken three months later. We speculate, therefore, 
that there may be two reasons why this calcification 
is not more frequently reported in infancy: optimum 
radiographic factors are not employed, and the 
calcification mav often be temporary. 





Fic. 2 


LogEtronic print of a radiograph of the upper abdomen 
showing cortical calcification of the right kidney, 


'The dilatation of the calyces without evidence of 
obstruction observed in the initial urogram in our 
patient was considered to be due to swelling of the 
papillae as a result of papillary necrosis. Changes ob- 
served in the subsequent urogram were typical of 
papillary necrosis, with evidence of sloughed papil- 
lae and a reduction in size. 

Chrispin et al. (1970) and Chrispin (1972) re- 
ported heavy opacification by contrast medium of 
the medullary zones in medullary necrosis. À uni- 
formly dense nephrogram soon after the injection of 
contrast medium has been reported in patients with 
acute tubular necrosis by Fry and Cattell (1972). 
This phenomenon is thought to be the result of 
leakage of contrast medium into the interstitial space 
of the kidney. In our patient, however, the heavy 
opacification occurred in the cortex and the septal 
columns of Bertin, while the medullarv zones 
appeared relatively radio-translucent. This appear- 
ance has not been previously reported. One can only 
postulate that the degree of tubular damage in the 
cortex was greater than in the medulla, allowing à 
greater amount of leakage to occur into the inter- 
stitial space of the cortex. 

The prolonged dense nephrogram, despite prompt 
calyceal filling, observed in our patient is thought to 
be the result of the same process, viz. leakage into 
the interstitial space. Berdon et al. (1969) have re- 
ported similar findings. These authors speculated 
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that Tamm-Horsfall protein has been precipitated by 
contrast medium, resulting in tubular blockage and 
ds a a s prolonged tubular nephro- 
2 | their patients were oliguric at the 
time of excretory aap: whereas our patient was 
well-hydrated and polyuric. It is therefore unlikely 
os UE was s the cause for the pro- 
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Book reviews 


Radionuclide Sc anning in Cyanotic Heart Disease. By Gary 
F. Gates, M.D., pp. xi ^ 100, 1974. (Charles C. Thomas, Ii- 
nois, USA), $15.00. 

The earnest reader who sees the title of this book might be 
musied into thinking that he was about to possess a mono- 
graph covering a subject: the use of radionuclides as a non- 
invasive way of investigating cyanotic congenital heart 
disease, He would be disappointed. The book is not a 
review, but is a paper describing one technique (and not a 
very good technique). 

What rs described depends on the fact that if radioactive 
particles are injected intravenously, they normally lodge in 
the hing; those that end up elsewhere represent a right to 
left shunt the size of which can be calculated from the rela- 
tive number of particles. The method described assembles a 
series of pictures using a gamma-camera from which the 
data are calculated. 1 found it difficult to understand how 
allowance is made for overlaps of pictures and no mention is 
made of scatter from one view to another or varying soft- 
tissue attenuation. However, correlations with results 
obtained at catheterization are good, and undoubtedly 
shunts can be assessed by the methods described. The 
aplication of the text suggests that catheterization and 
angiography can be avoided, but manifestly this 1s not so. I 

k if this fairly simple technique were presented as a 
baseline observation and for follow-up after surgery, then 
us vor w auld be more renie 1 t still does not seem to me 
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The Accessory. Digestive Organs. Edited by R. E. Wise and 
A. P. O’ Keeffe, pp. xi-- 331 (illus), 1975 (Year Book Medical 
Publishers), £15-40. 

This book, part of the series sponsored by the American 
College of Radiologists, is divided into five parts: 

(1) the pancreas; 

(2) the liver: 

(3) the extra-hepatic bile-ducts; 
(4) the gall-bladder; 

(5) the salivarv glands. 

Each section consists of a number of case reports, with 
accompanying radiographs, preceded by a short descrip- 
tion of the pathology found at that site. The radiographs are 
of superb quality, and illustrate clearly the varying points 
which one must consider in reaching a correct diagnosis. 

The author's use of the term "proper hepatic artery” 18, 
however, both old-fashioned and likely to lead to confusion. 
The references are practically all from the American 
literature, and one might finally question the need, other 
than Qd illustrative Puitpises, of invasive investigation of 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


THE Epiror—Sik, 
MIXED SCLEROSING BONE DYSTROPHY WITH REGRESSION 
OF MELORHEOSTOSIS 

I read with interest the case report by J. A. Kanis and 
J. G. Thomson (British Journal of Radiology, 48, 400). 
Their patient shows unilateral involvement of the long 
bones by endosteal sclerosis and osteopoikilosis in the right 
knee. In view of the rarity of these bone dysplasias it 
seems of interest to refer to a case of melorheostosis with 
involvement of all extremities, the pelvis and the sacrum 
(Elkeles, 1956). It was the third case in the medical litera- 
ture showing this unusually widespread involvement of the 
skeletal system. 

The patient was a male, 24 years of age, with a deformity 
of his left knee which had been present since birth. The 
left leg was shortened by 2 in. There was also bilateral 
inner-ear deafness. 

Radiologically, the widespread bony lesions consistent 
with melorheostosis were complicated by the presence of 
osteopoikilosis, osteopathia striatum and the monostotic 
type of polyostotic fibrosis dysplasia in individual bones. 

The increasing number of case reports in recent years 
showing the co-existence of two or more of these bone 
dysplasias suggests that they belong to the same group of 
congenital bone diseases. It seems likely that they are the 
result of a defect in the mesenchymal tissue which manifests 
itself in the form of more or less widespread, sclerotic, 
fibrotic or fibro-cystic changes. Either of these abnormal 
structures may develop as the dominant feature in ensuing 
disease. 

Yours, etc., 
A. ELKELES. 


X-ray Department, 
Prince of Wales's General Hospital, 
London, N.15. 
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THe Epiror-—Sik, 
WALL VACUUM SUCTION ron EVACUATING Prasti VACUUM 
CASSETTES OF ‘Lo Dosg" TYPE FOR MAMMOGRAPHY 

The possible use of hospital piped suction in evacuating 
vacuum cassettes for mammography is not widely known 
and may be of great help to a number of readers. 

Two types of vacuum cassettes are available: 

(1) A semi-disposable type which needs heat sealing; and 

(2) a stronger version, fitted with a car-tyre type of valve and 
a clip to help hold together the suction self-sealing open 
end. (The E-Z-EM'S Vac-u-Pak bag.) 

Type 1 needs an expensive vacuum pack apparatus, but 
'Type 2 can be supplied with a small hand pump. 

It seems to us that the plastic tube leading to the adaptor 
into which the car-type valve fits, might readily fit on to a 
hospital standard wall suction outlet (że. directly on to its 
tap outlet, after disconnecting the bottle system). This 
indeed proved true, and since the main vacuum suction line 
in our hospital passes along the outside wall of the radio- 
graphic room where mammography is carried out, we were 
readily able to arrange a spur through the wall to a standard 
suction-tap outlet. 


The cassettes are thus loaded in the dark-room and evac- 
uated in the radiographic room. Incidentally the apparatus 


. may also be used as a sucker! Since it would seem likely that 


many other radiology departments are likely to have easy 
access to such a suction line they may wish to consider 
using it in this way. 
Yours, etc., 

F. W. WRIGHT, 
X-ray Department, 
The Churchill Hospital, 
Headington, 
Oxford OX3 7L I. 


THe Eprror,—Sir 
Must RADIOLOGISTS DO ALL THE REPORTING? 

Dr. R. M. Emrys-Roberts can be assured that radiologists 
may hardly be accused of excessive litigophobia, but one 
certainly cannot reassure him that semi-trained substitutes 
for radiologists would not very speedily become litigophobic 
when they discovered that they had to commit their reports 
and opinions to paper. 

The question is not simply whether the radiologists 
(tempted though they may be, in face of oppressive work- 
loads) will “allow” them to do so, but whether they can 
ever be appointed to do so. Presumably this would eventually 
be decided by the senior administration of the N.H.5., 
prompted by suitable radiological and legal advice. 

It seems likely that this decision would indicate that 
official, final X-ray reports should not be given by “‘sub- 
stitutes’, In reality there can only be yawning gaps in the 
provision of proper X-ray services and lowering of stan- 
dards, until there are more fully-trained radiologists avail- 
able. 

Yours, etc., 
A. R, MANNERS, 
Consultant Radiologist, 
North Tees General Hospital, 
Hardwick, Stockton-on-Tees, 
Cleveland TS19 8PE. 


THe Eprror-——Sir, 
Must RADIOLOGISTS DO ALL THE REPORTING? 

No one can claim a monopoly of knowledge, particularly 
in medicine, but the profession has rightly evolved a system 
of training and examinations for those who wish to narrow 
their field to particular skills and areas. The patient has a 
right to expect that where such a person is available his 
expertise should be exercised on their behalf. 'Thus, where a 
radiologist is available, he should report on all radiographs, 
as well as undertaking the more specialized radiological 
procedures. Where radiologists are not available, the pa- 
tients are getting less than they have a right to expect if their 
radiographs are not so reported upon, and they become in 
this respect second-class citizens. 

The answer lies in training sufficient radiologists and im- 
proving their working conditions, so that the community 
hospitals have full radiological cover and their patients the 
first-class service thev are entitled to expect. 

Yours, etc., 
G. EvisoN. 
Westfield Lodge, 
Weston Road, 
Bath. 
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Tue Eprrog—81n, 
Must Raprorocisrs Do Aut Tug REPORTING? 

With the ever-increasing work-load in X-ray departments, 
there would seem to be three main areas which could 
usefully bear examination with a view to increasing both 
efficiency within the department and acceptance outside of 
the importance of radiology in diagnosis—orthopaedics, 
casualty and community care, 

By agreement with our orthopaedic colleagues, for ex- 
ample, we have for the past three years not reported on 
fracture follow-up films unless an opinion is specifically 
requested. This policy has significantly improved workin g 
relations between the X-ray and orthopaedic departments— 
no longer do we insist on films being sent to the X-ray 
department from the orthopaedic wards to issue reports 
which are neither needed nor read! Instead, regular com- 
bined orthopaedic clinico-radiological meetings within the 
X-ray department have developed and are proving invalu- 
able. 

As far as casualty is concerned, in its 1974—5 annual re- 
port, the Royal College states that these radiographs 
should be given high priority by radiologists. This would in 
no way appear to encourage a more rational and clinical 
approach to diagnostic radiology. Is it not more realistic to 
give casualty reporting the lowest priority until such time 
that the service ceases to be loaded by “medico-legal” 
trivia? In my experience, where a report is essential, an 
opinion is invariably requested. By removing this "prop" 
we may play our part in improving the quality of the casualty 
department itself. More important, we may create a steady 
pressure to help reduce the widespread abuse of casualty 
and X-ray services. 
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Community care also has its particular problems, and 
while sympathetic to the points raised by Dr. R. M. Emrys- 
Roberts, 1 should like to express my firm support for the 
current policy of the Royal College of Radiologists on in- 
sisting that the right place for modern X-ray departments is 
within the larger unit on economic and clinical grounds. 
By all means, let us encourage the general practitioner to 
see his films, but within the district hospital where a 
radiologist is available for consultation. 

In conclusion, the principle of delegating routine work to 
technicians (Thompson, 1974) or clinical assistants may be a 
good one providing training is adequate. However, the 
present acute shortage as far as radiology is concerned can 
only be corrected in the long term by more radiology instruc- 
tion to undergraduates, by radiologists, which would en- 
courage more graduates to enter this speciality and may also 
lead to à more intelligent use of X-ray departments in gen- 
eral. 


Yours, etc., 
B. M. Gompet.s., 


Radiology Department, 
Epsom District Hospital, 
Epsom, Surrey. 
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Forthcoming events and other notices 


The editors have decided that owing to the extreme shortage of space in the British Journal of Radiology, the 
"Forthcoming events and other notices" section will in future only carry notices of general interest and 
meetings announcements specifically connected with the British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meetings announcements in the B/R BULLETIN which is 


distributed quarterly to all members. 


'The following meetings are to be held at Institute House, 
32 Welbeck Street, London W1M 7PG. 
MEASUREMENTS OF RADIOBIOLOGICAL PARAMETERS IN 
Humans, JANUARY 16, 1976 
WHoLE-Bopy SCANNING, JANUARY 16, 1976 
Tue Use or HYPERTHERMIA AND NoN-IoNiIZING RADIATION 
IN THE TREATMENT OF Cancer, May 21, 1976 
Further information from the General Secretary. 


RADIONUCLIDES IN TUMOUR LOCALIZATION AND STAGING 
An all-day meeting organized by the Nuclear Medicine 
Committee of the British Institute of Radiology is to be 
held at the Middlesex Hospital, London, W.1, on Wednes- 
day, February 18, 1976. 
Further information from the General Secretary, at 32 
Welbeck Street, London, W 1. 


SECOND-STAGE CARCINOMA OF THE CERVIX 
A meeting organized jointly by the Royal Society of 
Medicine, Section of Radiology, The British Institute of 
Radiology and the Royal College of Radiologists to be held 
February 20, 1976. 
For further information please contact Royal Society of 
Medicine, 1 Wimpole Street, London, W.1. 


ANNUAL CONGRESS AND SCIENTIFIC EXHIBITION 
To be held on April 8-9, 1976 at the University College, 
London. For information and registration please contact 
the General Secretary, British Institute of Radiology, 32 
Welbeck Street, London W1M 7PG. 


RADIOLOGY or VISCERAL VENOUS OBSTRUCTION 
The Mackenzie Davidson Memorial Lecture, by Dr. M. 
Viamonte, Director of Radiology, University of Miami, 
School of Medicine, to be given at the University College, 
London, April 8, 1976. 


MEDICAL IMAGES: FORMATION, PERCEPTION AND 
MEASUREMENT 

The Seventh L. H. Gray Conference, which will be 
concerned with the fundamentals of medical images, 
will be held at the University of Leeds, England, on 
April 13-15, 1976. The purpose of the conference is to 
concentrate attention on the unifying principles which under- 
line the variety of imaging techniques now used in medi- 
cine. It is hoped to maintain the international character of 
the previous conferences. 

Two half-day sessions will be concerned with the per- 
formance of new imaging devices of diverse types and with 
general methods for assessment of instrument performance. 
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These will be followed by two sessions on physical and 
visual aspects of the detection and perception of image 
information. The fifth session will deal with the extraction 
of numerical information from images, and will be followed 
by a review of the overall conference theme. It is expected 
that speakers will illustrate their topics by specific examples 
from fields such as medical radiology, cytology, nuclear 
medicine, ultrasonics, computer-processing, etc. 

In order to achieve a coherent scientific programme, 
speakers are being arranged chiefly by invitation. However, 
it is hoped that papers will proveke substantial contributions 
from participants in the discussions, and that these will be 
published in the conference proceedings. 

There will be an exhibition of imaging devices. 

Address for further information: Dr. M. J. Day, Regional 
Medical Physics Department, Newcastle General Hospital, 
Newcastle upon Tyne NE4 6BE, England. 


POSTGRADUATE Course IN TOMOGRAPHY OF THE TEMPORAL 
BONE 

To be held in Copenhagen, June 3-4, 1976. The course is 

sponsored by the I.C.R., the A.E.R. and the Scandinavian 

Association of Radiologists, and will be directed bv Dr. 

Sam Brünner, president of the Congress. 

Experts in the various fields will lecture on the techniques, 
diagnostic findings interpretations, advantages and limi- 
tations of the different procedures. The fee for the course 
is $150, and includes lunches, dinner and the syllabus. 

For further information and registration, please contact 
Dr. Paul E. Andersen, Department of Radiology, Univer- 
sity Hospital, 5000 Odense, Denmark. 


COMPUTERS IN RADIOTHERAPY IN EUROPE 

It is proposed to hold a Workshop at IAEA, Vienna on 
July 5-10, 1976, organized by the Groupe Informatique, 
A.E.R. with the support of the European Association of 
Radiology. The aim will be to establish the contribution 
that the computer makes at the clinical level in the fields of 
dose computation, clinical records, radiobiology, etc., and 
to determine future development, | 

Further information from Dr. D. N. Edwards, Clinical 
Research Unit, Mersey Regional Centre for Radiotherapy 
and Oncology, Clatterbridge Hospital, Bebington, Wirrall, 
Merseyside L63 4]Y, U.K.; or Dr. T. Moller, Radio- 
terapikliniken, Lasarettet, 8-221 83 Lund, Sweden. 


XIV INTERNATIONAL CONGRESS OF RADIOLOGY 
To be held in Rio de Janeiro from October 23 to October 
29,1977. 
Further information from XIV Congresso Internacional 
de Radiologia, Patrocínio Colégio Brasileiro de Radiologia, 
Rio de Janeiro, Brasil. 


Obituary 
Professor Gordon Hamilton Fairley, M.A., B.M.B.Ch., M.R.C.P., D.M. 


Apart from being an outstandinglv able phvsician, Gordon 
Hamilton Fairley was also a very warm one, He cherished 

nd was dedicated to preserving it. Thus, his death 
October 23. 1975 was especially sad and tragic. While 
neacefull valking his dog in the heart of London he was 
vantonlv destroyed by a bomb. 

is Professor of Medical Oncology at St. Bartholomew's 
H Spital im the hair founded b the Imperial Cancer 
Research Fund, Gordon Hamilton Fairley had contributed a 

rv great deal to the chemotherapy and immunology of 
gnant disease and, in particular, the treatment of the 
iwnant retici Ses 


À man o preat energy and enthusiasm, he alwavs man- 
egg to bring out the best in his colleagues His intellectual 
onestv made him a first-class research worker. His gaiety 


ind personal charm inspired all those around him, patients 
olle agues ine, tO greater c ttort | ht incorporation ot 
ous disciplines, both diagnostic and therapeutic, into 
yherent unit was one of Gordon s pioneering visions and 
iccesses. He was. himself, an excellent diagnostic radiolo- 
i specially OT hest diseas 
He had th« man touch, with à deep regard for hi 
tients. Their social circumstances, occupations and 
i lc were alw taken into account when planning inves 
ganol nc tr tment 
teacher and lecturer he was popular the world over, 
luring his travels he always managed to steal a few 
nutes to visit the museums and art galleries. He shared the 
rait of other ti busv men, of wide-ranging interests, 
m a love of Impressionist paintings to dinghy sailing. 
While extendi! vy OUT deepest svn parnv to his wite and 
Iren in their [rigen bere ement, we remain stunned bs 


AK. 
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Instructions to authors 


Please keep manuscripts brief and concise and include only those illustrations essential to an 


understanding of the text. 


Much time and correspondence will be saved if authors pay careful attention to these de- 


tailed instructions. 


Material published in THE BRITISH JOURNAL or RADIO- 
LOGY includes full papers, case reports, technical and 
instrumental notes, letters to the editor and invited 
articles. Communications should ordinarily be addressed 
to the Honorary Editors, The British Journal of Radi- 
ology, 32 Welbeck Street, London W1M 7PG. 

Communications from North America or Australasia 
should preferably be submitted to the most appropriate 
of the following Associate Editors: 

Dr. G. P. G. Sim, X-ray Department, Wellington 
Hospital, Wellington, New Zealand. 

Dr. H. A. Luke, The Alfred Hospital, Prahran, 3181, 
Victoria, Australia. 

R. W. Stanford, Esq., M.A., Department of Medi- 
cal Physics, Roval Perth Hospital, Perth, Western 
Australia. 

Dr. J. R. Cunningham, Physics Division, ‘The 
Ontario Cancer Institute, 500 Sherbourne Street, 
Toronto 5, Canada. 

The acceptance of a paper for publication in THE 
BRITISH JOURNAL OF RADIOLOGY is at the discretion of 
the Editors and is subject to the understanding that the 
material contained in the paper has not already been 
published and is not intended for publication elsewhere. 

The Editors take no responsibility for the return of 
MSS, prints, etc. submitted for publication. 


MANUSCRIPT. The manuscript should be type- 
written in English on one side of the paper only with 
double spacing and margins of at least 25 mm (1 in.) 
on both sides and at the top. The top copy must be sub- 
mitted together with one duplicate. The address given 
in the title should be that of the department(s) or hos- 
pital(s) at which the work was carried out. If any 
author has subsequently moved to a new address, this 
should be given as a footnote. Degrees and diplomas 
of authors should be given. Tables (numbered I, 
II, etc.) should be given on separate sheets, and each 
should have a short descriptive title. Legends for illus- 
trations, including diagrams and graphs, should be set 
out on a separate sheet, and denoted Fig. 1, 2, etc. 
'The initial letter of trade or proprietary names should 
be a capital. Mathematical expressions should be set out 
verv clearly, using printed letters rather than script, 
especially where suffixes and indices are involved. 


UNITS, SYMBOLS AND ABBREVIATIONS 
Authors are encouraged to adopt the Jnternational 
System of Units (SI), U? combined with the special units 
recommended by the International Commission on 
Radiation Units and Measurements (ICRU).? Further 


details are given in Changing to the Metric System.“ The 
publication Units, Symbols and Abbreviations: a Guide 
for Biological and Medical Editors and Authors’ 18 
thoughtful and critical on this subject; authors are 
tions in this Guide and to note particularly the com- 
ments made on the choice of units. 


DIAGRAMS AND GRAPHS. Diagrams and graphs, 
including numerals and lettering, should be clearly 
drawn in indian ink on white card or blue tracing paper. 
The size should not exceed 355 x 304 mm (14 x 12 in.). 
In general they will be reduced to have a horizontal 
dimension of 76 mm (3 in.) and their scale, thickness of 
line and lettering should allow for this reduction. 
Photographie prints of diagrams can also be accepted. 
The reproduction of graph paper requires the making 
of half-tone blocks and will normally not be acceptable. 
The figure number, author’s name and title of article 
should be pencilled lightly on the back of each illus- 
tration. 

Authors of physics papers will find advice on 
drawing diagrams, particularly electrical circuits, in 
Notes for Authors? issued by the Institute of Physics and 
the Physical Society. 


RADIOGRAPHS. Unmounted prints not larger 
than whole plate, 216 x152 mm (84 x 61 inJ, and not 
smaller than half plate should be supplied with MSS; 
if the prints are not of sufficiently high standard for 
reproduction purposes the author will be required to 
submit the original radiographs and to defray the cost 
of making prints. Tracings of sections of prints are 
acceptable when necessary for additional clarification. 
Hospital illustrators and photographers are usually 
familiar with the style of drawing or print which will 
give the best reproduction. 


COLOUR. Drawings or photographs in colour are 
very expensive and are acceptable only if the author 


and printing. 


REFERENCES. The Harvard system is used. In the 
text these should consist of the names of authors and 
the vear of publication (in parentheses). When there are 
more than two authors only the first followed by et al. 
should be used. In the bibliography references will be 
given in full and will include the title of the paper and the 
full name of the journal or other publication in which 


! The International System of Units (SI). British Standard 3763, 1970, British Standards Institution, London {£270} 
? 4 guide to International Recommendations on Names and Symbols for Quantities and on Units of Measurement. W.H.O. (Sw. fr. 48). 
3 Radiation Quantities and Units ICRU Report 11, 1968. ICRU, 4201, Connecticut Avenue, N.W.. Washington D.C.20008, U.S.A. 


5 Changing to tite Metric System, 4th ed., 1969. H. M.S.O.. London (40p). 


5 Units, Symbols and Abbreviations: a Guide for Biological and Medical Editors and Authors, 1972. The Royal Society of Medicine, 1 Wimpole Street 


London WIM SAF (54p). 


$Notes for Authors, 1972. The Institute of Physics, 47 Belgrave Square, London, 5. W.1. 


101 





the article cited appeared. The references must be 
arranged in alphabetical order, in the following form: 





Examples 

BROWNELL, G., L., ARoNOw, S., and Hing, G. J., 1967. 
Radioisotope scanning. In Instrumentation in Nuclear 
Medicine, Ed. G. J. Hine, Vol. 1, pp. 381-428 
(Academie Fress, New York). 

WATSON, A., Russet, J. G. B., and Torrance, G. B., 

1970. Hepatic blood flow and Biligrafin excretion 

during intravenous cholangiography. British Journal 

of Radiology, 43, 248-250, 





ABSTRACTS, Papers (other than Case Reports and 
‘Technical Notes) should be accompanied by an abstract. 
This abstract is not part of the paper, but is intended to 
convey the content of the paper, to draw attention to 
all new information and to the main conclusions, and 
should be intelligible in itself without reference to the 
paper. An abstract should not normally exceed 200 


words. Authors need only submit abstracts with full 
papers. 


CORRESPONDENCE. Letters for publication in 
the Correspondence section must be confined strictly 
to matters of scientific or technical interest. Material 
may consist of comment on articles already published 
or of short but complete accounts of new work. The 
Editors reserve the right to decide suitability for publi- 
cation. 


REPRINTS. Twenty-five reprints of each paper 
are supplied free. Additional copies may be purchased. 


SUPPLEMENTS AND REPORTS. Examples of 
material considered for publication as Supplements or 
in the Report Series are special monographs which are 
too long for publication within the Journal, or detailed 
reports of certain meetings. 











University of Virginia 
Department of Radiology 
Charlottesville, Virginia 22901, U.S.A. 


Chairman Prof. T. E. Keats 


Applicants of academic standing are 
sought for faculty positions in this large 
referral centre. Specialist and research 
interests encouraged. The University of 
Virginia is a famous southern school 
founded by Thomas Jefferson (see 
Kenneth Clark's "Civilisation") andis 
situated in beautiful countryside. There 
are several Britons on the Radiology 
Staff and the area offers such pursuits as 
fox-hunting, polo, beagling, rugby 
football and squash racquets. 


Details may be obtained from the Vice- 
Chairman, Dr. Paul Dee, F.R.C.R. or 
the Director of Radiotherapy, 

Dr. W. Constable, D.M.R.T. 





AUSTRALIA 


Teaching Hospitals 
Queensland 


An expansion programme in Radiological Departments in 
Queensland is at present underway. This requires an 
increase in Radiological Staff in Queensland Teaching 
Hospitals and applications are invited from suitably qualified 
Radiologists. 

Positions vacant include Departmental Director and 
Staff Specialists. 

Five weeks annualleave is available. 

Conference leave is generally available on application to the 
Hospital Boards. 

Study leave is granted after seven years service and 
comprises six months leave on full pay, or three months on 
full pay with a round-the-world economy class air fare and 
allowances for accommodation and expenses. 

Consideration is at present being given to the Purchase of 
Computerised Axial Tomography Equipment. 

The University of Queensland has recently decided to 
establish a Foundation Chair in Radiology at one of the 
Major Teaching Hospitals. (This will be a separate position.) 
Queensland's climate is temperate to sub-tropical and the 
country is most suitable to take advantage of the almost 
perfect climate with outdoor living part of the way of life. 
Queensiand is renowned for its beaches and coastal waters 
including The Great Barrier Reet. 

The Director- General of Health and Medical Services for 
Queensland will arrive in Britain in January 1976 and will 
be available to discuss aspects of employment and living in 
Queensland and to interview applicants for the various posts. 
Applications to Queensland House, 392-393 Strand, 
London WC2R 0LZ. Telephone 1-836 3224. 

Closing Date: January 14, 1976. 
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West of Scotland Committee for 

Post-Graduate Medical Education 

Sub-Committee in Radiodiagnosis 
Further Education Course 


Evaluation of Current 
Diagnostic Techniques 
in Radiology 


1st and 2nd April, 1976 
Glasgow 


A two-day course designed for Consultant and Senior 
Trainees will be held in the Walton Conference Centre, 
Southern General Hospital, Glasgow. The principal topics 
will be: Logic in diagnosis; radiology in dyspepsia and 
jaundice; technical advances in ultrasound including the 
grey scale; respiratory problems; isotope bone and E.M.L 
scanning. 


There will be the opportunity to participate in quiz sessions. 
Fee—£15-00. 

Further information and application forms may be obtained 
from Mr. D. A. Crombie, Administrative Assistant, The 
University of Glasgow, Glasgow G12 800. 


The number of places is limited and early application is 
advised. 
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SPECIAL REPORT SERIES 


Members 

Price price 
No.2 The Use of Computers in 
Therapeutic Radiology (1966 
International Conference) 70p 70p 
No.3 The Design of Counting systems 
for Dynamic Studies and Uptake 
Measurements (1968) £2:40 £170 
No.4 Computers in Radiotherapy 
(1968 2nd International Conference) 50p 50p 


No.5 Computers in Radiotherapy 
(1970 3rd international Conference) £9-00 £6-00 


*£6-00 
No.6 Radiobiology Forum on 
Radiological Protection of the Skin 
(1972) 60p 60p 


No.8 The Design and Installation of 
Efficient Fume-Cupboards (1974) 30p 30p 


*Special price for individual users, 1 copy only 


Available from the Publications Office 


British Institute of Radiology 
32 Welbeck Street, London W1M 7PG 
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If your concern is time 











Philips have developed the Pulmo Diagnost as 
the high-patient-throughput answer to the increasing 
pressure on X-ray departments. 

Designed specifically for radiography of the 
chest both in standing and seated patients, it 
automatically ensures constant image quality, leaving 
the operator free to concentrate on the patient. 
A mechanical coupling automatically centres the X-ray 


tube to the film changer. 


All radiographic conditions are pr or set auto- 


matically, and after the patient has 
correctly, exposure is initiated on the touch of a button. 


PHILIPS 


een positioned 


Health is our concern,too. 





A high-capacity ceiling- 
suspended tube may be used in 
place of the tube coupled to the 
stand. Flat or roller-type take-up 
magazines are available and auto- 
matic film handling can provide 
films ready for viewing two 
minutes after the last exposure. 


For details please contact: 
Philips Medical Systems Ltd., 
45 Nightingale Lane, 
London SW'12 85X. 
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Skull Radiography 
All special projections for a complete skull 
investigation can be undertaken with the 
ORBIX technique with the patient remaining 
in the supine position. 


Skeletal Examinations 

More than half of all skeletal examinations can 
be undertaken using the selective beam 
directions of the ORBIX technique. 


Casualty 
For casualty cases the ORBIX technique 
allows skull and skeletal radiography of the 
patient with minimal repositioning. 






Tube and cassette move around the patient 


SIEMENS = 


Siemens Ltd Medical, X-ray Division 


15/18 Clipstone Street, London, W1P BAE, 01-580 2464 
Branches in Aberdeen, Birmingham, Bristol, Bury St. Edmunds, 
Edinburgh, Glasgow, Leeds, Liverpool, Manchester, Newcastle and 
Reading. Agents in Belfast and Newport. 





MOBILE CONDEN 





SER 


X-RAY 
UNIT 


DHSS Item Nos: 16/040181 (illustrated) 
16/040182 (motorised version) 





5334145445454. 
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Your Department can now enjoy the 
freedom, reliability and mobility provided 
by the TR Condenser Discharge Unit. 


Positioning is aided by 360° tube column 
rotation, easy swing wheels and failsafe 
braking. Simplicity of operation and high 
power output (300 mA/100 kV) is achieved 
with amazingly low mains requirement 
(220/240V 5 amp.). 


High speed exposure performance results 
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*On-site demonstrations 
are now being arranged. 
Our mobile demonstration 
unit will bring the TR 
Mobile Condenser 
Discharge X-ray Unit 
to your Department. 
Contact us and fix a date. 


in excellent radiographs and reduced 
patient dose. 

Compact, reliable, inexpensive—that's the 
TR Mobile Condenser Discharge X-ray 
Unit. Just one item from our complete 
range of diagnostic apparatus. 


TODD RESEARGH LTD 


ROBJOHNS ROAD 


CHELMSFORD CMI 3DP 
TEL. 62233/7 TELEX 99327 




















The 
KALLISCOP 


COMPLETE SURGICAL X-RAY SYSTEM WITH AN INTEGRAL HIGH-RESOLUTION TV SCANNER 
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The CGR Kalliscop opens up new surgical investigations to be undertaken, 
horizons in surgical radiology. A complete including both bone and visceral. The TV 
compact and mobile unit equipped with a camera tube and target are motor driven for 
miniature TV camera and two monitors. swift, precise positioning and the complete 


A unique double-focus tube, capable of unit is mounted on castors. 
handling up to 100kV, permits all types of 


CGR MEDICAL LIMITED 
Astronaut House, Feltham, Middlesex Telephone: 01-890 8166 
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in radiography i 
conray contrast media 


provide a distinctly better prospect all round 


There is a wide range of 'Conray' formulations and almost 
certainly one to meet youl special requirements however 
exacting they may be. ‘Conray’ provides wide margins of safety 
for the patient and superb visualization in a comprehensive 
range of radiographic procedures. 


'Conray' Contrast media are preparations of meglumine 
iothalamate, sodium iothalamate or combinations of the two. 


A A a Oo r3 .] 
Viay & Dakel L td. 


Dagenham, Essex RM10O 7X5 
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Iinckrodt |n ox cP’ member of the Rhóne-Poulenc Group of Companies 








Take five 


(in five seconds) 


The Barr & Stroud Rapid 
Cassette Changer is 
designed to permit rapid 
serial angiography by 
manual operation — five 
exposures can be obtained 
at the rate of one a second 


The instrument can be 
easily mounted on either a 
Schonander or a Barazzetti 
skull table, and provides 
vibration-free x-ray 
photographs 


BARR & STROUD LIMITED 
Kinnaird House, 1 Pall Mall East 
London SWT1 Y 5AU. Tel 01 930 1541 
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17 territories within the British 
sles there are 17 Kodak men who 
re trained specialists in medical 

aging techniques. 


hey are Kodak Technical Sales 
t'epresentatives. And yours is at 
e end of your phone. 


le knows his subject: he attends 
aining courses that bring him up- 
-date with the latest 
evelopments in medical imaging. 
Departmental design, nuclear 
edicine, ultrasonics, 
strumentation recording, 
ihotography, dental radiography 
.. the things he needs to know in 
rder to help you. 


He won't always have an instant 
answer. But he'll know where to 
find it. 


So, whether you are ordering 
'Kodak' products now or 
planning to order later, you can 
expect Kodak people to be at you 
service. The representative, the 
people who provide courses for 
your staff, the people who look 
after you at your local Distributio 
Point and Sales Centre. 


Kodak people. 
They're nice to know. 
Kodak Limited, Medical Markets, 


Kodak House, PO Box 66, 
Hemel Hempstead, Herts HP1 1JU 


Kodak: the people with the tradition of trust. 


Kodak :5 a trade mark 













SUPER-FLEXIBLE MULTI-LAYERED 
X-RAY APRON 


AT A COMPETITIVE PRICE! 
IN A CHOICE OF 7 COLOURS! 
WITH A GOOD DELIVERY DATE! 
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Manufactur 
W. S. ROTHBAND & CO. LTD ?1 Elizabeth Street, 


i 
| 
i 
| 
| Telephone 061 





1303 Manchester, M8 8WT, England 
Established 1860 



















ssage of 








unique padding permits pa 


X-rays without showing on the plate 















À typical example of the use of 
Polyfoam is the provision of a 
warm and comfortable cover 
for an X-ray couch, thus 

saving patients from having 

to endure a hard, cold surface 
when being X-rayed, 


For further information write or 
telephone: 





ERO-LESLIES LIMITED progress 
am Hill Road - London- E17 6EJ through 
hone: 01-531 7172 (10 lines) plus Ansafone research 













Member of the SMITH & NEPHEW Group of Companies 





zt PHILIPS 


Philips have extended their 
range of diagnostic equipment 
with anew thermographic 
camera which brings high 
resolution into the non-invasive 
method of diagnosis of 
diseases by id detection. 





FEATURES INCLUDE: 
Real-time display of skin temperatures. uc NS 
High resolution. A CENA 
Simultaneous display of two isotherms. y CONDE 
Thermoprofile display. 
Remote-control of camera head. 












For further information please contact: 
Philips Medical Systems Ltd., 
45, Nightingale Lane, London SW12 85X. 


Formatron 


The Formatron consists of 93 
parallel anodised light alloy needles 
mounted between precision rollers. 
These rollers allow the needles to 
move freely and adjust accurately 
to the patient's profile. They are 
easily locked in position and when 
removed provide a perfect contour 
of the patient’s outline. 

A single Formatron may be used 
for small profiles. However, for a 
whole body contour, three 
Formatrons, mounted on a bracket 
assembly can be used. The three 
Formatrons can also be mounted 
on to an adjustable stand as 
illustrated and can be used in the 
Planning Room while the patient 
is in the supine position. 


Iridium 192 wire encapsulator 


Ihe 1.E.M. Instruments 

Limited Iridium 192 Wire 

Encapsulator has been designed 

to safely load and seal accurate 

lengths of 0.3 mm diameter 

Iridium 192 Wire into 

plastic tubing. Any length 

Of wire trom 5 mm to 300 mm 

can be cut and encapsulated in the 0.88 mm 

diameter technyl nylon tubing. The cutting and 

encapsulation is carried out behind 55 mm thick lead blocks 

which protect the operator throughout the entire loading procedure. 
The encapsulated wire is then transferred to a Carrying safe. This 

sate may be used for storage or transport of up to ten lengths of encapsulated wire. 


T TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG. England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 
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Effortless selection and display 


With the control unit of the new Philips 
Auto Alternators 202 and 208, rapid 
positive selection and display of radio- 
graphs is obtained at the lightest touch. 
Pairs of film frames are displayed within 
seconds, with smooth, practically noise- 
less movements. 

Optimum viewing of radiographs is 
achieved by the flicker-free fluorescent 
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radiographs. 
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tubes. The level of illumination can be 
adjusted by touching the appropriate 
position on the dimmer control surface, 
from maximum intensity down to 20%. 
Thus the radiologist can adjust the lighting 
intensity to suit his own eye-sight as well 
as the lighting conditions of the viewing 
room. 





1. To bring out details which would 3. The mobile magazines of the 
not otherwise be visible, the new Auto Alternator 202 and 208 play a 
control unit of the Philips Auto central role in streamlining the 
Alternator has a stepless dimmer transport and handling of radio- 
control surface - the lighting in- graphs. 


tensity can be adjusted anywhere 
from 20 - 1009; of the maximum. 


2. The new Auto Alternators have For additional information write 
optimum viewing conditions with to N.V. Philips, Medical Systems 
non-reflecting desk tops and masks Division, Eindhoven, 

around the viewing panel to reduce The Netherlands, 

glare, ensuring maximum comfort or Philips Medical Systems 

for the radiologist, who often has to Ltd., 45 Nightingale Lane 

spend lengthy periods viewing London SW12 8SX 
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recisely what INTERNUCLEAR do for CAPINTEC, 
d famous radioisotope calibrators and 
dosimetry equipment. 


As U.K. Distributors for Capintec, we make sure that the quality of our service 
matches that of the equipment. We have the necessary knowledge and experience 
to advise and supply you with the equipment best suited to your particular needs, 
in addition, we have the resources to offer a fast, efficient after sales service. 


CRC-10 Dose Calibrator 192 Digital Dosimeter 


Push button isotope selection 2000R range 
Austornatic ranging 0.001 mR resolution 
Geometry independence Automatic range indication 
More than 40 isotope calibrations Multi-probe capability 
12 àtm Argon ionization chamber is Exclusive compensation adjust 
Largest sample size Electrometer capability 
(up to 200 ce vial) 
Maoly-assay capability 
Highest sensitivity available 
(0.1 C resolution) 
Automatic background adjust 









Applications 
Radiation therapy 
Diagnostic radiology 
In vivo dosimetry 
Personnel protection 








Distributors for: Atomic Development Corp: Capintec Ince- Cleon Corp: 
Matrix Instruments- Medicor: NL Industries Inc. 
INTERNUCLEAR LIMITE D, 18 BATH ROAD, SWINDO N, WILTS, SNI ABA, Tel: 0793.305 ig 


and sharper pictures. 
The MR-System." 





The new, second system are blue emitting. Agfa-Gevaert, the 


generation of rare earth Consequently, no changes European photographic 
intensifying screens - based are required in processing industry and the x-ray 

on blue emitting rare earth methods or darkroom lighting specialists. 

metals — ensure a con- and our normal Curix and For further information 
siderable reduction of the Medichrome films can be on medical x-ray products 
x-ray dose. One sixth ofthe used with the system. contact: Agfa-Gevaert Ltd., 
normal dose is sufficient for The new screens in the Medical X-Ray Sales Dept. 
the highest speed screen in. — MR-system are suitedforrapid 27 Great West Road, 

the range. film changers, chest units and Brentford, Middx. TW8 9AX. 


All screens in the MR- all other integrated tables. Telephone: 01-560 2131. 
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Prediction of Adult Height 


J. M. Tanner 

R. H. Whitehouse 

W. A. Marshall 

Department of Growth and Development, Institute of Child Health, University of 
London, and Growth Disorder Clinic, The Hospital for Sick Children, London, England 
M. J. R. Healy 

Medical Research Council Clinical Research Centre, Harrow, England 

H. Goldstein 

National Children's Bureau, London, England 

January/February 1976, vi--100 pp. £9 :00/$22.25 

0.12.683350.8 


The determination of skeletal matu rity or bone age has an important place in the 
practice of paediatrics, especially in relation to endocrinological problems and growth 
disorders. It is frequently useful in diagnosis and also in monitoring treatment with 
hormones and hormone-like drugs. This book presents a new and comprehensive 
system for assessing bone age in children which both in Its detail and its flexibility has 
advantages over the systems now in use. It has been extensively tested in several 
countries and is presented here in its finalised form. | 

The development of each of twenty bones of the hand and wrist is illustrated by a 
series of diagrams and X-rays arranged as conveniently as possible for the paediatrician, 
radiographer or anthropologist who is assigning a bone age to a given child's X-ray, 
Prediction of adult height can be made with accuracy only when an assessment of 
bone age is added to knowledge of present height. The second part of the book gives 
regression equations which enable the reader to predict the most probable adult 
height and the limits between which it is almost certain to fall. Practical applications 
of this prediction are also given. | 


Academic Press 

London New York SanFrancisco 

A Subsidiary of Harcourt Brace Jovanovich, Publishers 
24-28 Oval Road, London NWI1, England 

111 Fifth Avenue, New York, NY 10003, USA 
Australian Office: 

P.O. Box 300, North Ryde, NSW 2113, Australia 
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This is D38 


Robust, reliable, highly mobile unit. 
High powered — 300 mA and 125 kV. 


Extensive X-ray tube movements 
provide total coverage of patient. 


Economical and versatile. 
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Responsible technology 


GEC Medical Equipment Limited 
P.O. Box 2, East Lane - Wembley : Middlesex 
HA9 7PR - England. 
Telephone: 01-904 1288 - Telex: 922177 
Cables: Skiagram, Wembley. 














mal Physiology Section 


This is a career development opportunity 
in a high technology fast growth industry. 
We want a professional Scientist with 
innovative flair and practical experience in 
Physiology to take charge of animal work 
carried out on small mammals. The section to 
be controlted is concerned with develo ping 
new medical products, preparing anti-sera 
for use in clinical diagnostic systems and 
some quality control testing of existi ng 


At least à good class Honours Degree in 
an appropriate subject plus practical 
experience in animal experimentation are 
essential prerequisites. Acquaintance with 
Nuciear Medicine or the use of Radioactive 
materials will be useful, as will experience of 
supervising a team, or working in close 
collaboration with others. 

Conditions of employment are excellent 
| and include a contributory Superannuation 
materials, There are currently eight people in Scheme, Sickness Benefít Scheme, 
the section, including professionally Generous Holidays, Staff Canteen anda 
quatified staff. Sports and Social Club. 

Applications should be sent to S. E, Rush, 
Recruitment Section, The Radiochemical 


You will need creativity as well as 
organising ability to contribute effectively to 
the development of new products and to Centre, Amersham, Bucks, or telephone: 
E work within a multi-discipline development Little Chalfont 4621 (reverse charge) for 
a \ | section, more information and an application form.. 
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In the radiological assessment of low 
back pain and sciatica 





A new medium of unique character, deep insights 
and penetrating powers of observation 


Investigators have found Dimer X the most Full information on Dimer X' 
satisfactory medium available for lumbo- supplied on request to 

ral radiculography providing an import- MY Sao aee oenen 
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This is 
Cardiovision 


High quality mobile image intensifier 
with caesium iodide tube for 
coronary intensive care. 


A proven aid to fast catheter 
pacemaker insertion. 














Lightweight — easily manipulated. — 
Separate TV monitor — no bedsid 
obstruction, . 
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_Medical_ 


Responsible technology 


GEC Medical Equipment Limited 
P.O. Box 2, East Lane - Wembley - Middlesex 
HA9 7PR : England. 
l'elephone: 01-904 1288 - Telex: 922177 
Cables: Skiagram, Wembley. 
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When the rads have hitthe floor and the cobait 
is on it's last legs, then take a long hard look 
at the costs of replacement, 

And then at a Varian Clinac 4. 

it's source does not perish. And is not there- 
fore charged to your account. It does however 
offer all those advantages which your highly 
trained team need for modern radical radio- 
therapy. Like high precision. Like high dose 
rate. Low penumbra. Large angle wedges. 
Better depth dose. 

Grab your pen and calculator and work out 
some costs over say, ten years: Clinac 4/Co”™. 
Or write and ask us. 


Write to Varian AG / 6300 Zug / Switzerland 
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Royal Postgraduate Medical School 
Hammersmith Hospital 


FAST NEUTRONS IN THE 
TREATMENT OF CANCER 
26-30 April 1976 
Course Organiser: Dr Mary Catterall 
This course will be held at the Royal Post- 
graduate Medical School and the Medical 
Research Council Cyclotron Unit. 
It is designed principally for radiotherapists who 
will be using fast neutrons in the near future. 
There will be practical demonstrations of treat- 
ment techniques, clinical demonstrations of 
patients and lectures and discussions of early 
and late effects of neutrons on tumours and 
normal tissues. Members of the Fast Neutron 
Clinic, MRC Cyclotron engineers, physicists and 
radiobiologists will take part as well as invited 
speakers from other centres. 
Clinical participants will be restricted to twenty. 
COURSE FEE: £55 including catering. 
Applications are also invited from physicists who 
will attend the course excluding the clinical 
demonstrations. Numbers will be limited to ten. 
COURSE FEE : £40 including catering. 
Application forms are available from : 
The Deputy Secretary's Office, Royal Post- 
graduate Medical School, Hammersmith Hospital, 
Du Cane Road, London W12 OHS. 
Tel. 01-743 2030, Ext. 351. 





The Children's Welfare Foundation of 
HIH Princess Shams Pahlavi 


requires 

SENIOR 
RADIOLOGIST 
having 3 or 4 years Paediatric experience for a 
post in new Radiology Department of Shahrazad 
Children’s Hospital in Tehran. 

SALARY (depending on experience) : £750— 
£1,300 monthly: LIVING ALLOWANCE 

(single person) : £250--£300 monthly ; FAMILY 
ALLOWANCES : £300—£600 monthly. BONUS 
after 12 months' service; HOLIDAY pay; 
CONTRACT is for one year in first instance ; 

FREE Passage to iran and return fare on 
completion of Contract; FREE medical care on 
payment of small Medical Insurance 

Contribution ; LOW taxes. Please apply to: 

Miss A. Butler, 71 Mallon Dene, Rustington, 
Sussex BN16 2JR. 
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Pediatric. 
Radiologist 


Diplomate of American Board of 
Radiology, or eligible for examination, 
with one to two years’ training in 
Pediatric Radiology in a recognized 
center. Full time pediatric diagnostic 
roentgenology, including service, 
teaching, and research or clinical 
investigation. Opportunities for special 
procedures, ultrasound and nuclear 
medicine. Post carries an appointment 
in the Department of Radiology, 
University of Cincinnati. Reply to: J. S. 
Dunbar, M.D., Director, Division of 
Roentgenology, Children's Hospital 
Medical Center, Cincinnati, Ohio 45229. 
EOE/AA Employer. 





Second-hand 
X-ray equipment 


required for private clinic. Please write 


with details to : 

The Matron 

Corfton Private Clinic 
22 Corfton Road, Ealing 
London W5 2HT 
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DIAGNOSTIC 
RADIOLOGIST —INDIA 


Radiologist with lucrative practice, 
retiring May 1976, offers Sale/ 
Partnership, select locality. 





Contact Dr. Katdare, Stadium House, 
BOMBAY 40020, India. 





DP 








XXII 


DYNA CAMERA 4 


A new dyna camera system offering a choice 
of detectors 10", 12" and 15", designed 
to give the finest gamma 
scintillation images 





A breakthrough in Anger-type 
scintillation cameras has been made by 
Picker with their new Dyna camera 4. 
This unit is ideal for the small hospital, 
medium sized hospital, medical centre 
and teaching hospital. 


DYNA CAMERA 4 

*Choice of detectors, 10", 12" and 15", 
designed to meet general purpose or 
specialised diagnostic needs. 


ever made 


NEW 15" DETECTOR 

The newest and most advanced large- 
field-of-view detector available. Capable 
of 1" resolution for TC 99m with +10% 
uniformity and excellent linearity, it 
complements the Picker gamma 
imaging system. 


All items are standard built-in and 
exclusive features. 
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NUCLEAR, THERAPY & 
ULTRASOUND DIVISION 


Responsible technology 


GEC Medical Equipment Limited - N.T.U. Division * P.O. Box 2 - East Lane - Wembley 
Middlesex HA97PR - Tel: 01-904 1288 - Telex: 922177 - Cables: Skiagram, Wembley 





THE BEST FEATUI 
PROCESSOR CANNO' 





:S OF OUR NEW 
BE SEEN OR HEARD. 





No ducting. 


R200 dries by radiant heat. 
So ducting is not required. 


ECONOMIC AND EFFICIENT 

R200isthe new quiet-running 
processor from ILFORD. It's efficient, reliable 
and compact. lt delivers 120/35 cmX 43 cm 
films per hour. Or up to 200 films of 
intermixed sizes. 


COLD WATER PROCESSING 
R200 operates with cold water lat a 

minimum flow rate of 6 litres per minute). 
So there's no plumbing-in to the hot water 
system and no mixing valve to worry 
about. 
RAPID OR 3 MINUTE CYCLE 
PROCESSING 

There's a choice of rapid processing 
or 3 minute cycle processing. The cycle can 
be changed by turning a switch. 
RADIANT HEAT DRYING 

R 200 dries by radiant heat. Ducting 


is not required. Altogether it's a pretty cool 
system. 


WOULD YOU LIKE TO KNOW MORE? 


Initial outlay for R200 is low. And so 
are running costs. 


ILFORD R200 





R200 is quiet running. 
Makes life more peaceful. 


Atthe same time, it's an exceptionally 
reliable and quiet piece of machinery. 

If you would like to know more, 
please contact your ILFORD representative 
or write to us for details. 
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Cleaner, clearer and more convenient. 
Consistently producing brilliant radiograph 
with improved diagnostic quality. 





ILFORD Limited, X-ray Sales, 
Ilford, Essex. Tel: Ol-478 3000. 
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| University of Virginia UNIVERSITY OF QUEENSLAND 
| ] | | AUSTRALIA 
, Department of Radiology 
| Charlottesville, Virginia 22901, U.S.A. | C h . 
| Chairman Prof. T. E. Keats | f alr 
Applicants of academic standing are — M 
sought for faculty positions in this large e U E NOANA i es | 
Vae iles cep The University of should have medical and specialist qualifications 
Virginia i$ a Tamous souther n school registrable in Queensland, a distinguished 
founded by Thomas Jeffer son (see - research record and experience in teaching and 
Kenneth Clark's "Civilisation") and is administration. 
situated in beautiful HU ntryside. There The salary for a Clinical Professor is $A28,394 per 
are several Britons on the Radiology annum, 
is and the area offers such pursuits as The university provides travelling and removal 
ox- hunting, polo, beagling, rugby expenses, superannuation, study leave and 
football and Squash racquets. housing assistance. 
| -: m TTA A Closing Date for Applications - 31 March 1976. 
| Details may be obtained from the Vice- Additional information and application forms are 
| Chairman, Dr : Paul Dee, F.R.C.R. or obtainable from the Secretary General, 
| theDirector of Radiotherapy, Association of Commonwealth Universities 
| Dr. W. Constable, D.M.R.T. | (Appts), 36 Gordon Square, London WC1 OPF. 
m l KINGSTON 
British Journal of Radiology PO LYT E C H N | C 
SPECIAL REPORT SERIES | CLINICAL USE OF 
Members ULTRASOUND 
Price price i 
No.2 The Use of Computers in afi "ri uu 
Therapeutic Radiology (1966 One day meeting on Friday 5 March 1976 
International Conference) 70p 70p to assess current trends and developments. 
No.3 The Design of Counting systems Details from the School of Chemical and 
for Dynamic Studies and Uptake TP Physical Sciences, Kingston Polytechnic, 
MOSSE OTE (SUO) Begs, EE Penrhyn Road, Kingston upon Thames KT] 
No.4 Computers in Radiotherapy 2EE 01-549 1366. 
(1968 2nd International Conference) 50p 50p 
No.8 Computers in Radiotherapy Ra NENNEN E TERIS 
(1970 3rd international Conference). £9-00 £6-00 
*£6-00 
British Journal of Radiology 
No.6 Hadiobiofogy Forum an 
Radiological Protection of the Skin 
(1972) 60n 60p 


No.8 The Design and Installation of 
Efficient Fume-Cupboards (1974;  30p 30p 


"Special price for individuat users, 1 copy only 


Available from the Publications Office 
British Institute of Radiology — — 
32 Welbeck Street, London W1M 7PG 





All enquiries for space should be addressed to: 


Advertisement Department 

British Journal of Radiology | 
12 Bedford Square | 
London WCIB 3JB 

Tel. 01-636 7676 


In Angiography 


by 
UROGRAFIN 


Both Urografin 60°% and 76", 


with iodine concentrations of 
292 mg/ml and 370 mg ml 
respectively, 
are suitable for most 
angiographic examinations. 
The high proportion of the 
meglumine to the sodium salt 
ensures excellent tolerance 
with good diagnostic 
definition. 


Available in 20 mls ampoules 
and $0 mls vials. 


by 
UROVISON 


Urovison exhibits an optimum 


balance between ease of 
injection and good contrast. 
With an iodine concentration 
of 325 mg/ml, 
patient tolerance is high 
even when administered 
in large volumes. 


Available in 25 mls ampoules 
and 50 mls vials. 


NM 


Schering Chemicals Limited, 


In Intravenous Pyelography In Intravenous Cholegraphy 


by 
INFUSION BILIGRAM 


The latest development from 
Schering AG. Biligram 
exhibits lower toxicity and 
better tolerance than 
previously available media. 
Adequate diagnostic pictures 
can often be obtained in 
patients with serum bilirubin 
levels of 2-5 mg ^. 


Available in roo mls infusion 
bottles and 30 mls ampoules. 


Pharmaceutical Division, Burgess Hill, Sussex RH15 9NE 


Full information available on request. 
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WE'RE OLD FASHIONED 


Old fashioned letter headings which actually | 
show the exact nature of our business which is the 
-supply of X-ray accessories, and has been since 1910. 





Old fashioned invoices written in old fashioned prose. 
Old fashioned courtesy in replying promptly to 
correspondence, however trivial. 
Old fashioned direct-line telephones to 
executives. 
Old fashioned standards of working until the 
job is done. 
Old fashioned offices with a Preservation Order, 
cosy adjustable gas-fires and wall-to-wall carpets. 





Old fashioned flower garden with a wrought-iron 
gate to the church-yard (yes, we know this one leaves 
us wide open to wise-cracks). 

Old fashioned warehouse in a range of cottages in 
Cow Lane. 


If you like concrete structures, computers, 
switchboards who leave you in the air, minimum-order 
conditions and all the other ideas adopted by progressive 
firms, we are not for you—but you'd be surprised to 
know how many people seem to be old-fashioned enough 
to deal with a firm like us. 


CUTHBERT ANDREWS 


EVERYTHING X-RAY LTD. 
5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 IBE 


Overseas telegrams: EXRAYZE, WATFORD Telephone: 01-950 2525 


Order Form 


To The British Institute of Radiology 
32 Welbeck Street, London W1M 7PG 


Please send copies of Special Report No. 9  Asurvey of 
images of a 
phantom produced 
by radioisotope 
scanners and 
cameras — 

Price £2:50 


Name 








Address 


Cheque/postal order for £ enclosed (pounds sterling) 


Signature 


ISSN 0306-2120. 
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ecial Report No. 9 


British Institute of Radiology (1976) 


A surve y ofi images of a phantom 
rod ala by radioisotope scanners 


Report of a Working Party prepared for the Department of 
Health an d oocial Security 


This report gives the results of an extensive pilot survey carried out 
throughout the United Kingdom in which the performance of a wide 
range of scanners and cameras was examined, using a special 
phantom designed by Mr. H. S. Williams of the Royal Free | 
Hospital. The report shows the considerable variations in image 
appearance and quality that can be obtained from the instruments - 
used, each of which was being operated under conditions considered 
by the staff concerned to be optimum for the particular clinical 
abnormality simulated by the phantom. 
It is believed that these results will prove of much interest not only to 
those who took part in the survey but also to many others using such 
instruments. 

bers of the D.H.S.S. Working Party : 
B. A. Goddard C. Gregory | 
D. H. Kasing V. R. McCready 
| Vio D. C. Potter 
E. S. Williams 
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Radiology now 
Academic radiology* 


The argument put forward for establishing academic 
posts in diagnostic radiology in this country is one 
of enlightened self-interest: medical students, if 
they have radiologists to teach them, will themselves 
choose to become radiologists. Since undergraduate 
education is a function of universities, it follows 
that we must have radiologists in university posts. 
Thus far the argument provokes little disagreement. 
It has been forcefully presented by others (Windeyer, 
1969; Faculty of Radiologists, 1969) and has recently 
been passionately restated by Bull (1974). The cor- 
respondence which he stimulated (e.g. Bligh, 1974; 
Craig, 1974; Palmer, 1974) suggests that the need is 
widely recognized, at least by radiologists. Academic 
radiology has, of course, wider horizons, vividly ap- 
parent to any visitor to North American or Scandina- 
vian departments with their splendid records of 
achievement in clinical investigation as well as in 
research and teaching. Self-interest dictates that we 
encourage the establishment of departments to as- 
sess, for example, the cost-effectiveness of the 
procedures we perform (McNeil et al., 1975). We 
are not, of course, compelled to conclude that we 
need university employees to teach and to carry out 
research; there are many Health Service radiologists 
with outstanding academic records. Nonetheless, 
we must accept that, for most, service obligations 
frustrate such ambitions. 

What kind of university radiologists, then, do 
we want? Should they be professors or of more 
humble rank? We seem to want professors. Do we 
wish to see academic units? This too seems to be 
agreed. Clearly research is important and this 
implies a need for accommodation and personnel. 
Should academic radiologists be responsible for all 
aspects of teaching, postgraduate as well as under- 
graduate? Here, incredibly, we begin to disagree, 
some taking the bizarre view that academic radiolo- 
gists are remote from the practical training required 
by practical Health Service radiologists. How much 


T: 


*Reprints: M. S. F. McLachlan, Department of Radio- 
diagnosis, The General Infirmary, Leeds LSI 3EX. 


power should we give to our academic radiologists? 
Should they be responsible for the clinical standards 
of the departments in which they work? Now we 
move into more turbulent waters. 

Academic radiology is, without question, best 
practised as a collective enterprise in an environment 
in which teaching, research, and high standards of 
patient care are encouraged. We must be careful that 
by attempting to establish chairs in radiology within 
Health Service departments, but without power, 
we do not create academic ghettoes. Comparisons 
with academic departments of medicine or surgery 
are not valid. They function as totally independent 
units, setting their own standards, recruiting their 
own personnel, in a way that small academic units of 
radiology within Health Service departments cannot. 
It would be more appropriate to choose as our 
models other kinds of university departments which 
function in teaching hospitals: microbiology, chemi- 
cal pathology, morbid anatomy. These departments 
are usually staffed by university personnel with a 
professor at their head, their services, in a sense, 
being leased by the Health Service. An alternative 
arrangement, in which most permanent staff are 
part of the Health Service with a professor as 
director, can also succeed (Bligh, 1974). The ques- 
tion of leadership is vital. Where few academic 
traditions exist, the professor must be able to es- 
tablish teaching and research as part of the normal 
function of a major teaching hospital department. 
He is hamstrung if general departmental policy is 
beyond his control. Decisions, for instance, on sys- 
tems of film filing are important if retrospective re- 
search is to be undertaken or teaching films are to be 
readily obtained. Control of radiographic standards 
is an even more obvious example. 

Mackintosh (1975) outlines two principles on 
which the Health Service operates. No-one must 
hold authority over senior consultants. His second 
principle, which we are not discussing, is that no- 
one must be sacked. The Health Service fears ad- 
ministrative pyramids for doctors; universities are 
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less apprehensive. We should remember that pro- 
fessors are chosen after much thorough inquiry. 
Thev compete against other applicants. Though 
imperfect, the rules are those of selection rather than 
inheritance. The arrival of senior consultants in 
positions of administrative authority may owe 
more to longevity than talent. 

But can we establish academic departments of 
radiology, serving the needs of teaching hospitals, 
administered and staffed by university personnel? 
The unified structure, with its implications of a com- 
mon philosophy, is attractive. The system works in 
North America and Seandinavia. In Britain we 
would probably require a compromise. The appoint- 
ment of a professor as director of a department 
staffed by Health Service consultants, but with a 
sizeable university component, is less desirable, 
for the seeds of conflict exist. However, unless we 
are prepared to change our attitudes and appoint 
eur professors as heads of departments in teaching 
(the word requires emphasis) hospitals, we cannot 
anticipate the kind of advances in academic radi- 
ology which we claim that we want. We cannot ask 
professors to function as strait-jacketed members 
of groups which they are expected to inspire. 'The 
future for academic radiology lies with us all. 
Collectively, we must decide how much we are pre- 
pared to commit ourselves to safeguard that future. 

Ten years ago Miller (1966) reviewed events in 
medical education and hospital services since 
Flexner's recommendations of half a century before. 
Flexner (1910), after a penetrating examination of 
medical teaching in North America, advocated the 
establishment of university hospitals, controlled and 
staffed by individuals committed to the advancement 
of teaching and research. In Britain, alas, he found 
“conservatism, vested interests, absence of true 
university ideals, lack of resources, lack of leader- 
ship and excessive dependence on tedious com- 
mittee procedure" (Flexner, 1925). Noting the enor- 
mous advances in medical standards which resulted 
from the implementation of Flexner’s concepts in 


North America, Miller too concluded that our failure 
to do so in this country resulted from “national 
parsimony, evident in affluent as well as difficult 
times, and from a complacent acceptance of the 
amateurish and second-best”. Today the universi- 
ties and the Health Service are more parsimonious 
than they were even a decade ago. With standards 
rising elsewhere, what was second-rate then is 
third-rate today. Soon, only complacency may 
remain, In the present state of economic shipwreck, 
does the plight of academic radiology really matter? 
For those who care about British radiology, which in 
its time has known a Twining and a Barclay, the 
question is not trivial. And, new is the time to hold 
the discussion. With the universities and the Health 
Service bracing themselves against a long and bitter 
winter, we should ask ourselves what kind of envir- 
onment we would like to see when the ice melts. 
Inevitably we shall see much change. Now is a 
good time to make plans. 

M. S. F. McLACHLAN. 
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Bone disease in long-term haemodialysis: the association of 


radiological with histological abnormalities 


By W. Simpson, M.B., Ch.B., F.R.C.R.,* H. A. Ellis, M.D., Ch.B., Ph.D., M.R.C.Path,1 
D. N. S. Kerr, M.B., Ch.B., M.Sc., F.R.C.P., F.R.C.P.(Ed.),t M. McElroy, M.B., B.Ch., B.A.O., D.C.H.," 


R. A. McNay, B.Sc.,§ K. N. Peart, B.Sc.f 


The Departments of Radiology,* Newcastle General Hospital, Medicinet and Pathology, : The Royal Victoria 
Infirmary, Newcastle upon Tyne and the Statistical Section, *$ Northern Regional Health Authority 


(Received June, 1975) 


ABSTRACT 
The radiological findings in the skeletal surveys of 70 
patients receiving long-term haemodialysis for chronic 
renal failure have been correlated with histological findings 


in a specimen obtained by biopsy of the iliac crest. Many 
significant associations were found, and the ones presented 
are those thought to be most useful in the interpretation of 
the radiological abnormalities. The main conclusions are 
that fractures and severe medullary rarefaction appear to be 
most commonly the result of osteomalacia; subperiosteal 
erosions are associated with the more severe grades of 
osteitis fibrosa; cortical striations and sclerosis are associated 
with an increased amount of osteoid, and sclerosis is 
diagnosed more frequently by radiological means than by 
iliac-crest biopsy. 


Patients on regular haemodialysis often suffer from a 
bone disease attributed to osteomalacia, hyper- 
parathyroidism and osteoporosis occurring either 
alone or in combination. As the prospect of treating 
these diseases improves, accurate diagnosis by a non- 
invasive technique becomes increasingly important. 
The X-ray appearances of each of these conditions 
have been described in patients with a single proved 
metabolic disorder. Steinbach et al. (1961) have 
described the radiological features of hyperpara- 
thyroidism, Steinbach and Noetzli (1964) the radio- 
logical features of osteomalacia and Feist (1970) the 
radiological features of osteoporosis. From these 
descriptions it has been assumed that certain radio- 
logical abnormalities are specific for certain diseases. 
For example, it is generally assumed that subperios- 
teal erosions in the phalanges indicate hyperpara- 
thyroidism and that Looser zones indicate osteo- 
malacia. On the other hand certain radiological 
features, e.g. decreased radiodensity, pathological 
fractures and osteosclerosis have been known to 
occur in more than one primary disease, and thus it 
is difficult to know what significance to attach to 
them. 

With the increasing use of iliac-crest biopsy it is 
now possible to use histological findings to determine 
the accuracy of radiological signs in diagnosing the 
nature of the bone changes. In this paper we have 
made such correlations in patients with azotaemic 
renal disease being treated by long-term haemo- 
dialysis. 


MATERIALS AND METHODS 

Seventy patients receiving intermittent haemo- 
dialysis for azotaemic renal disease were chosen on 
the basis of having had a bone biopsy within six 
months of a skeletal survey. The skeletal surveys 
were done at six monthly, or yearly intervals and 
only patients who had no significant change in the 
X-ray appearance immediately before or immedi- 
ately following the biopsy were selected. It was a 
heterogeneous group in terms of the primary renal 
disorder, age, sex and duration of dialysis. The ages 
of the patients ranged from 19 to 61 years with a 
mean of 41 years, time on haemodialysis was up to 
eight years with a mean of two years, and there were 
24 females and 46 males. 

The radiographic features are listed in Table I. 
All but three of these are well known and have been 
described by Simpson et al. (1973a). Juxta-articular 
and medullary change are not such well-known 
features but are also described in the same publica- 
tion. Cortical striations are another of the less well- 
known radiological features and have been described 
by Meema and Meema (1972). The last three 
abnormalities are illustrated (Fig. 1). 

The methods used for quantitative histological 
analysis have been previously described (Ellis and 
Peart, 1972, 1973). The histological features used 
for correlation are listed in Table II. Osteomalacia is 
defined histologically as an excess of osteoid with 
more than four bi-refringent lamellae in the osteoid 
seams and decreased calcification fronts. The latter 
two features are important as excess osteoid may be 
found in conditions other than osteomalacia, and is a 
common finding in osteitis fibrosa as a result of 
osteoblastic activity over an increased proportion of 
the bone surface. 

The association between each radiological and 
histological feature was examined using the chi- 
squared test, or Fisher's exact test where numbers 
were small Most of the radiological signs were 
originally graded according to severity, but as there 
were too few cases in each grade, the analyses 
presented here are concerned only with the presence 
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medullary change in the hands. 
hole series consisted of 70 patients, 
ith incomplete data. The total num- 
is therefore varies from 67 to 70. 
RESULTS 
ilts are presented in Table III. 
most important findings are the 
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( D 1 
MT 
Radiographic changes in phalanges 
uxta-articular rarefaction: graded 0—+ with increasing severity, this is Grade 3. (c) Medullar« 


process in the medullary cavity with exaggerated trabeculae, also graded 0—4, this is Grade 3. 
r linear areas of rarefaction in the compact bone of the cortex with an intact subperiosteal 
l'his also shows Grade 4 medullary rarefaction. (E) subperiosteal erosions. 


adiological features. The grades are 
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Fractures were associated with histological 
osteomalacia. Of 42 patients with osteomalacia 
I6 (38 per cent) had fractures, whereas of the 27 
with no osteomalacia only 2 (7 per cent) had 


fractures. 


The higher grades of medullary rarefaction in 
the hands were also found to correlate with 
osteomalacia. Grades 3 and 4 were found in 
seven (17 per cent) out of 42 patients with 
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TABLE IH 
THE HISTOLOGICAL ASSESSMENTS 


TABLE I 
THE RADIOLOGICAL ABNORMALITIES 





Subperiosteal erosions in phalanges ‘Total bone (N —16-6-28:89;) 
Erosions in other sites (Greenfield, 1972) ‘Total mineralized bone (N= 16-5 — 28-6%) 
Abnormal mottling in the skull vault Percentage mineralization (N > 98:295) . 
Fractures or Looser zones (analysed according to site Total osteoid (N <0-45%) | | 
and whether new, old unhealed or old healed) Osteomalacia based on: | 
Vertebral collapse (a) Excess osteoid with > four birefringent lamellae | 
Sclerosis—(a) Spine in seams 
(b) Hands (juxta-articular) (b) Decreased calcification fronts | 
(c) Femoral heads Osteitis fibrosa based on: 
(d) Whole skeleton (a) Surface resorption and tunnelling by muiti- | 
Juxta-articular rarefaction—(a) Hands nucleated osteoclasts l | 


(b) Feet 
—(a) Hands 
(b) Feet 
Metacarpal cortical thickness (Morgan et al., 1967) 
Ratio of cortical to surface area in the second meta- 
carpal (Exton-Smith et al., 1969) 
Abnormal vertical striations in the cortex of meta- 
carpals and phalanges — cortical striations 


(b) Marrow fibrosis with increased osteoblastic 
activity 
(c) Woven bone formation 


Medullary rarefaction 








——À 





vemm 





TABLE III 
THE ASSOCIATION OF THE MAIN RADIOLOGICAL WITH HISTOLOGICAL FINDINGS 


Histology 































Total bone Mineralized bone | Osteoid excess | “age Osteomalacia Osteitis fibrosa 
g Mineralization 
High! Low! High? Low! 4A Normal! Low! Noc o Ses 


Q0 (B |a) a) p | G7) 03 p |00 G9 p | 42 QD p |G9 09 p 
v wx E|w w & |*w * «j|* W «|^ ^» *|^* * « 


in the hands | 70 25 60:001; $80 18 0001; 39 33. 30 NS 34 20 O 55 
Fractures (14) 
in the ribs 5 37 005 | 8 45 NS 29 7 0-05 20 20 NS 
Fractures (18) 
anywhere 20 37 NS | 15 #5 NS 38 7 0-005 


Sclerosis (22) 
in the spine 65 37 0001! 62 237 0-01 
Sclerosis (34) 

anywhere 75 63 0-005] 69 64 NS 
Cortical (17) 


36 22 NS 
62 26 0-005 


|  striation 25 12 NS 15 36 NS 24 15 NS 22 7 NS 
Medullary (7) 
rarefaction 
> Grade 2 10 Ü NS Ü 17 7 NS 





| 


The figures in brackets are the absolute numbers. NS (not significant) indicates p > 0-05. 
1 See Table HH for normal range. 
2 In these columns X? and hence p were derived by correlating the high values with the low or normal values. 





osteomalacia, and in none of those with no 
osteomalacia. 


fibrosa. When the grades of osteitis fibrosa were 
considered it was found that there were 19 
patients with a higher grade than 2, of whom 14 
(74 per cent) had erosions. This is a significant 
finding (p <0-001) when contrasted with 
only eight (16 per cent) with erosions out of the 
51 with lesser grades of or no osteitis fibrosa. 


(3) A significant association between subperiosteal 
erosions and osteitis fibrosa was found only at the 
higher grades of osteitis fibrosa. Altogether 55 
patients showed some histological evidence of 
osteitis fibrosa and 19 (34 per cent) of these 


had erosions. This was not significantly different (4) Corticalstriations were invariably associated with 


from the finding of three patients (20 per cent) 
with erosions among the 15 with no osteitis 
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excess osteoid, all 17 patients with cortical stri- 
ations having an increased amount of osteoid. 
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(3) Radiological sclerosis showed an association 
with most of the histological parameters, an 
interesting one being the association with an 
increased amount of osteoid. Of 57 patients 
with osteoid excess 33 (58 per cent) had 
sclerosis, whereas of the 13 with no osteoid 
excess onlv one (8 per cent) had sclerosis. There 
was a poor association with the total amount of 
mineralized bone, and seven (64 per cent) out of 
the 11 with abnormally low levels of mineralized 
bone showed sclerosis. Also there were only 15 
patients who had any histological evidence of 
sclerosis (a high level of total bone) out of the 
34 with sclerosis radiologically. 

lhe following radiological features were not 
related to anv histological abnormality: vertebral 
collapse, metacarpal cortical thickness, ratio of 
cortical area to surface area in the second metacarpal, 
juxta-articular change and sclerosis in any localized 
site other than the spine. 


DISCUSSION 
Fractures 

Previous authors have expressed different opinions 
about the aetiology of fractures in renal bone 
disease. They have been attributed to osteoporosis 
(Bishop, 1973) and to hyperparathyroidism (Platts 
e? aL, 1973). However, we have suspected that 
osteomalacia is the most important aetiological 
factor as in many cases the fractures show the 
typical features of Looser zones and their healing 
may be delayed, like the fractures found in dietary 
osteomalacia (Simpson, Young and Clark, 1973b). 
We now have histological support for this hypothesis. 

Our results show that fractures were present more 
often in patients with low or normal than in those 
with high total bone, but as these low or normal 
values were present in only one-third of the patients 
with fractures, parcoporcess is obviously not often 
the causative factor. No significant association has 
been found between the occurrence of fractures and 
histological osteitis fibrosa. On the other hand 87 per 
cent of patients with fractures had osteomalacia and 
there is a statistically significant association with this 
histological finding. 

Therefore, most patients with fractures had 
asteomalacia, but only 38 per cent of those with 
osteomalacia had fractures. As there are no other 
radiological features which are in any way specific 
for osteomalacia, this diagnosis must most frequently 
be determined by biopsy. 

Altogether 18 of our patients had radiological 
evidence of unhealed fractures. In 11 of these 
patients one or several Looser zones were present 
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when the analyses were repeated. Correlating 
Looser zones rather than fractures with the histo- 
logical parameters, the same significant associations 
were found. This suggests that unhealed fractures 
and Looser zones are both caused by the same 
pathological process (osteomalacia) and that one is 
probably a stage in the development of the other. The 
finding of Ball and Garner (1966) that fractures and 
Looser zones in patients with osteomalacia have the 
same histological features supports this hypothesis. 


Sclerosis 

Histological sclerosis is defined as a total bone in 
excess of 28-8 per cent (Normal mean x 2 SD, Ellis 
and Peart, 1972). Radiological sclerosis might 
reasonably be expected to be due to an increase in 
mineralized bone, as non-mineralized bone is not 
known to be radiologically distinguishable from other 
soft tissues. However, except for sclerosis in the 
spine, no significant association was found between 
high values of mineralized bone and radiological 
sclerosis, the former occurring in only 27 per cent 
of cases with the latter. This may possibly be due to 
the fact that sclerosis is of patchy distribution, and 
may be underdiagnosed histologically as only a small 
area of iliac crest is available for analysis. 

lhere is a significant association between high 
total bone values and radiological sclerosis, the 
former being present in 45 per cent of cases with this 
radiological feature. But the histological measure- 
ment which is most strikingly associated with radio- 
logical sclerosis is excess osteoid, 97 per cent of 
patients with radiological sclerosis having this 
feature. 

Radiological sclerosis is also significantly associ- 
ated with osteitis fibrosa and osteomalacia, the 
former occurring in 81 per cent and the latter in 76 
per cent of patients with radiological sclerosis. 

This clear association between radiological scler- 
osis and an increased amount of uncalcified osteoid 
is dificult to explain. Previous authors who have 
made the same observation (Eugenidis, Attila and 
Hass, 1972) have suggested that an excess of 
uncalcified osteoid may itself increase radiodensity. 
Although it is true that "uncalcified" osteoid may 
have an appreciable content of calcium (Eastwood et 
al., 1974) it appears on histological preparations to be 
stall compared with uncalcified bone, so we think 
this is an unlikely explanation. We presume that 
there is an excess of mineralized bone in the sclerotic 
areas which is not necessarily reflected in the iliac 
crest; the latter has a slower turnover than some of 
the sites in which sclerosis is common, such as the 
vertebral bodies (Kaye, 1964). 


108 


FEBRUARY 1976 


Bone disease in long-term haemodialysis: the association of radiological with histological abnormalities 


If sclerosis were associated only with hyper- 
parathyroidism the obvious explanation would be an 
accumulation of mineralized woven bone in high 
osteomalacia is equally important in the development 
of sclerosis: an excess of woven bone is not a feature 
of non-azotaemic osteomalacia, so it can hardly 
explain this association. It may be that osteomalacia 
contributes to sclerosis in high turnover areas when 
there is an intermittent calcification defect; osteoid 
builds up during periods when mineralization defect 
is severe, protecting the bone in these areas from its 
usual high rate of resorption (Garner and Ball, 1966). 
If there is a temporary improvement in mineraliz- 
ation, the large amount of osteoid in these areas 
will permit rapid mineralization and build up of 
mineralized bone. We have no direct evidence that 
the mineralization defect in uraemia is intermittent 
but the incidence of osteomalacia does vary 
surprisingly from centre to centre (Siddiqui and 
Kerr, 1971), and it may even be absent from anephric 
patients who have no known source of 1.25-Di- 
Hydroxycholecalciferol (Bordier et al., 1973). It may 
well be, therefore, that variable levels of other 
vitamin D metabolites (e.g. 25-Hydroxycholecal- 
ciferol which has a seasonal fluctuation in serum 
level - McLaughlin et al., 1974) can account for an 
intermittent calcification defect. 


Cortical Striations 

This radiographic feature 1s seen as an exag- 
geration in the number and/or size of the trans- 
radiant lines in cortical bone. Its presence has been 
ascribed to various pathological features. Genant et 
al. (1973), found it in hyperparathyroidism, Meema 
and Schatz (1970) in thyrotoxicosis and Jones (1969) 
in disuse osteoporosis. We found that cortical stri- 
ations were present only in patients with excess 
osteoid. It was not found to be significantly associ- 
ated with any of the other histological parameters, 
which implies that it is not specific for any one 
condition but is found where osteoid content of bone 
is increased—in osteomalacia or osteitis fibrosa. This 
characteristic is sought by us in the phalanges and 
metacarpals. Our technique of assessing this measure- 
ment (Fig. 1) was less rigid than that of Meema and 
Meema (1972) who confined their assessment to the 
mid shaft of the second metacarpal. Using their 
criteria, only two of our patients had positive 
findings. 


Subpertosteal erosions 
The pathological significance of subperiosteal 
erosions is one of the least controversial aspects of 


this topic. Previous workers, Cohen et al. (1970), 
Byers and Smith (1971), Doyle et al. (1972), Meema 
et al., (1972) and Pugh (1951) all agree that they are a 
manifestation of hyperparathyroidism. Our work 
supports this, but we found a significant association 
only when the more severe histological grades of 
osteitis fibrosa were considered. 

The radiological accuracy might have been 
increased by using industrial film to take fine detail 
radiographs and by examining them under magni- 
fication (Meema et al., 1972), or using a direct 
magnification technique (Calenoff and  Norfray, 
1973). But we have preferred a simple radiographic 
method using non-screen film, to keep the technique 
constant and allow comparisons to be made with 
earlier groups of patients. We found subperiosteal 
erosions to be associated with histological sclerosis 
and excess osteoid, but not with osteomalacia. 


Juxta-articular change 
This abnormality showed a poor association with 
all the histological measurements. 


Medullary change 

The more marked grades of this abnormality were 
found to be significantly associated with histological 
osteomalacia. Though this was contrary to our 
anticipation of an association with osteoporosis, it is 
compatible with as yet unpublished data from this 
centre showing that medullary rarefaction is associ- 
ated with clinical and biochemical indices of 
osteomalacia. 


CONCLUSION 

The subjectivity of radiological assessment, the 
small and sometimes unrepresentative area available 
for histological analysis, and the fact that individual 
patients often have more than one basic pathological 
process are but some of the facts contributing to the 
difficulties encountered in drawing conclusions from 
comparison of histological and radiological findings 
in a group such as this. Nevertheless, certain facts 
emerge: 

(1) Fractures and medullary rarefaction are usually 
associated with osteomalacia. 

(2) Cortical striations and sclerosis are associated 
with excess osteoid either due to osteomalacia 
or hyperparathyroidism. 

(3) Subperiosteal erosions are associated with the 
more severe grades of osteitis fibrosa. 

(4) Radiology is more sensitive than iliac crest 
biopsy in the diagnosis of sclerosis. 
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ABSTRACT 

Eighty -eight kidneys obtained at necropsy from normo- 
tensive subjects aged over 50 years were examined histo- 
logically and by post-mortem pyelography and angiography. 
Moderate or severe scarring was present in 50 per cent. Its 
distribution and the absence of calyceal deformuty make 
pyelonephritic scarring unlikely. Its extent was related to the 
severity of change in the renal vessels, but not to age. On py- 
elograms, scarring was difficult to ‘distinguish from fetal 
lobation. Kidneys with the most severe histological changes 
in the vessels tended to show the most marked angiographic 
distortion, though in general the two techniques examine 
different parts of the renal vascular bed, Total renal area 
and ‘‘cortical’’ area, measured from the angiograms, were 
not significantly correlated with age, though both tended to 
be smaller in older subjects. These dimensions, particularly 
cortical area, were significantly correlated with vascular 
changes, being smallest when vessels were most markedly 
affected. Results suggest that the loss of renal tissue which 
occurs in the elderly, particularly selective loss of cortex, is 
more closely related to events in the renal vasculature than 
to age itself. 


The human kidney, as it ages, becomes smaller 
(Roessle and Roulet, 1932; de Leon, Garcia and de 
Jesus, 1933; Wald, 1937; Dunnill and Halley, 1973). 
Loss of tissue, which may be focal, in the form of 
scarring, or diffuse, is believed to result from changes 
in renal vessels. Until recently this belief has depend- 
ed almost entirely on histological evidence. Oliver 
(1952) summarized conventional histological opinion 
and concluded that if “senescent involution occurs 
in the kidney of man, it is obscured and its effects 
[are] over-shadowed by secondary tissue changes 
that develop as a result of the normal ageing of the 
renal arteries". Careful morphological and haemo- 
dynamic studies in the senescent kidney (Takaza- 
kura et al., 1972; Hollenberg et al., 1974) tend to 
support this view. However, these vascular changes, 
which, in the absence of hypertension, develop 
gradually, are invariably not present even in old age 
(Darmady, Offer and Woodhouse, 1973; Robinson 
and Herdson, 1973), and little information exists on 
the extent to which maturation and ageing affect 
different parts of the human kidney. Commenting 
on this, Dunnill and Halley (1973) showed a selective 
loss of cortex and like Moore (1931) a loss of 
glomeruli in the ageing kidney, but did not relate 
changes to events in the renal vessels. 

In kidneys obtained at necropsy from normo- 
tensive subjects aged over 50 years, we have quanti- 
fied the degree of vascular change assessed histo- 


logically and by post- mortem angiography. We bave 
correlated these changes with renal dimensions, 
including cortical area estimated from angiograms, 
and with the extent of focal scarring. Since pvelo- 
graphy distinguishes between ischaemic and pyelo- 
nephritic scarring more readily than standard morbid 
anatomical techniques (Hodson, 1959; Kimmelstiel 
et al., 1961; Smith, 1962; Heptinstall, 1966), we have 
also examined these kidneys by post-mortem pyelo- 
graphy. 


MATERIALS AND METHODS 

Eighty-eight kidneys were obtained at routine 
necropsy in 82 normotensive subjects, aged over 30 
years, dying of conditions unrelated to the urinary 
tract. Though many kidneys were scarred, none had 
macroscopic or histological evidence of abnormality 
other than arteriosclerotic nephrosclerosis (see below). 
Small cortical cysts, which did not distort shape, 
were present in a few. In 76 subjects one kidney was 
obtained. This was the right kidney in all except two 
subjects in which the right was damaged on removal 
and the left was taken. In six subjects both kidneys 
were removed. Fifty-five subjects were male (mean 
age 68 years; range 51-90 years), 27 female (mean 
age 68 years; range 52-88 years). Kidneys were 
removed with their vascular pedicles and a length of 
ureter. Perirenal fat was carefully removed, leaving 
capsule and capsular vessels intact. The origin of the 
renal artery was examined in all subjects and no 
significant narrowing observed. Retrograde pyelo- 
graphy and renal arteriography were performed 
within 24 hours of necropsy. Pyelography was per- 
formed first. Hypaque 45 per cent (Winthrop) was 
injected by hand through a catheter ligated into the 
ureter. Four radiographs were obtained using non- 
screen film (Osray M3) at a focus-film distance of 
100 cm. Focal spot size was 0-8 mm. Kidneys were 
placed directly on the film envelope. Antero-poster- 
ior and lateral radiographs were obtained, together 
with two oblique views for which the kidneys were 
rotated 45 deg. in each direction about their long 
axis. The contrast medium was washed from the 
pelvicalyceal system and the catheter removed. A 
catheter was then inserted into the renal artery and 
ligated into position. The renal vein was ted. 
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4) 
FIG, | 
Post-mortem renal angiograms in different subjects showing various grades of vascular change 
idney. Slight tortuosity of arcuate and interlobular arteries Angiographic score for whole kidney —9 out of 30 
Right kidney. Moderately tortuous arcuate and interlobular arteries Angiographic score = 15 out of 30 
kidn« Interlobar, arcuate and interlobular arteries are tortuous and irregular. Marked underfilling of fine 
peripheral vessels, Angiographic score 30 out of 30 


d colloidal barium (Micropaque, Damancy) defined as localized loss of renal substance, usually 


ch had been strained through gauze, was injected resulting in indentation of renal outline, visible on 


l and 


Darium 


cing 


Filling was judged to be satisfactory when — antero-posterior or oblique radiographs. The distri- 


appeared in peripheral cortical vessels pro- bution of scarring was recorded. Indentations visible 


1 
«i 


Spec kled white appearance on the renal only on lateral radiographs or considered to be due 


The catheter was removed and the artery to fetal lobation were recorded separately, Lobation 


adiographs were obtained in four positions was defined as single or multiple indentations, 


before using fine-grain industrial film (Structurix usually more smoothly contoured than scarring, 


D4). All films were developed by hand. lying between groups of calvces. Vascular appearances 


[he pvelograms were examined for evidence of were udged from the angiograms (Fig. 1). Vessels 
| ] gIOg g 
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of calyces or renal outline. Scarring was were assessed for tortuosity and variation in calibre 
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at each of three sites: the mid portion and the poles. 
Interlobar, arcuate and interlobular arteries were 
assessed separately. Each of these three groups of 
vessels in the threesites was graded numerically on a 
four-point scale from 0 to 3, grade 3 representing the 
most severe degree of change. Thus each site had a 
maximum possible score of 9, the total for all three 
sites being 27. In addition, the extent of underfilling 
of small vessels was assessed for the whole kidney on 
a scale of 0-3, grade 3 representing the most severe 
underfilling. This brought the final maximum 
possible score for the most severely affected kidney to 
30. Post-mortem angiograms obtained in ten histo- 
logically normal kidneys from subjects aged 19-45 
years, dying as a result of trauma or of diseases un- 
related to the kidney, were used as reference 
standards. All radiographs were assessed by two 
radiologists (G.J.G. and M.S.F.M.). Total renal 
area and "cortical" area, which ignored the renal 
columns and was defined as the area peripheral to the 
arcuate arteries, were measured from  antero- 
posterior angiograms. The renal outline and the line 
formed by the arcuate arteries were traced on to 
cardboard. When arcuate arteries close to the hilum 
could not be clearly defined, the line formed by the 
arcuate arteries was continued parallel to the hilar 
concavity. The areas of the whole kidney and its 
cortex were cut out and weighed separately and 
together. These were then compared with a standard 
of known area. 

The kidneys were then examined by a pathologist 
(K.B.R.). The surface of the kidney was inspected 
and the extent of any scarring graded as mild, 
moderate or severe. Mild scarring occupied up to 10 
per cent of renal surface area, moderate scarring 
occupied 10-50 per cent, and severe scarring over 50 
per cent. Kidneys were cut longitudinally and the 
macroscopic appearances of the pelvicalyceal system 
were noted. Tissue blocks were obtained routinely 
from the apical, anterior and posterior segments. 
Additional blocks were obtained from areas noted to 
be abnormal. The tissue blocks were placed in 10 per 
cent buffered formol saline and all blocks processed 
for light microscopy. 5y sections stained by haema- 
toxylin and eosin were examined. Where indicated 
2u sections were stained for basement membrane, 
connective tissue, elastin and fibrin. Histological 
assessment was made without knowledge of the 
results of clinical, laboratory or radiological investi- 
gations. Pathological criteria were those of Heptin- 
stall (1966). These have recently been summarized 
by one of us (Robinson and Herdson, 1973). In 
arteriosclerotic nephrosclerosis, interlobar and arcu- 
ate arteries showed intimal fibrosis, interlobular 
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arteries showed fibro-elastic intimal thickening and 
arterioles showed irregular hyaline disease. Change 
was more marked in arteries than arterioles. This 
condition, which is usually but not invariably 
present in the senescent kidney (Robinson and 
Herdson, 1973), was categorized as mild, moderate or 
severe, Kidneys with evidence of benign or malig- 
nant hypertensive nephrosclerosis were not included 
in the study. 


RESULTS 
Indentations of the renal outline 

On antero-posterior and oblique radiographs, 40 of 
the 88 kidneys were considered to be scarred. Direct 
inspection showed moderate or severe scarring in 35 
of these, no scars in one and fetal lobation alone in 
four. In a further nine, direct inspection revealed 
moderate or severe scarring, not visible on antero- 
posterior and oblique radiographs. ‘Thus, 44 kidneys 
(50 per cent) were at least moderately scarred on 
direct examination; 11 (12:5 per cent) were severely 
scarred. No age or sex differences were observed. 
The midportion of the kidney was affected as fre- 
quently as the poles. Scars were common on the 
anterior and posterior surfaces, usually extending 
from other sites, though in six kidneys they were 
visible only ona lateral radiograph. Shallow flat scars 
occurred as frequently as deep “V-shaped scars. 
No kidney showed calyceal deformity, either on 
pyelography or direct inspection. 

Radiologically, 12 kidneys were thought to show 
fetal lobation. Direct inspection confirmed this in 
only four. In the other eight, fine granularity of the 
renal surface produced a slightly uneven renal out- 
line which conformed to our radiological definition 
of lobation (Fig. 2). In another four kidneys, referred 
to above, lobation was mistaken for scarring at 
pyelography. 


Renal dimensions 

Mean total renal area was 55-2 cm? (range 30-0- 
72:6 cm?). Mean cortical area was 12-7 cm? (range 
6.7-20-4 cm2). Neither was significantly correlated 
with age but, in subjects over 65 years old, both renal 
area (p < 0-05) and cortical area (p < 0-01) were 
smaller. Both were smaller in females (p < 0-01- 
0-001). Cortical area comprised, on average, 23 per 
cent of total renal area (range 12-34 per cent). This 
fraction was slightly, but not significantly, less in 
subjects over 65 (0-05 < p < 0-1); no sex difference 
was observed. 


Vascular appearances 
Mean angiographic score was 19 out of 30 (range 
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(B) 
FiG 2 
ortem pyciograms of kidneys showing similarity between fetal lobation (a) and diffuse granular scarring (n). The 
lentatii irrowed in A) was incorrectly considered to be a flat scar. The slight indentations due to scarring in (R) 
do not, in general, overlie calyces and were thought to be due to mild lobation. 


ocores were higher for interlobular arteries 
or arcuate arteries (p < 0-001); arcuate 


Angiographic scores in kidneys showing severe 
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histological change were higher than scores in those 
teries had higher scores than interlobar arteries (p in which changes were moderate (p < 0-01) or mild 


0-001), Scores were higher at the poles than in the (p « 0-001). Mean age, in years, of subjects showing 
midportion ( 0-02-0-01) but upper and lower mild histological change (66-4; SEM 1:3) was slight- 
les did not differ significantly. Scores in severely ly less than mean age of subjects with moderate 
irred kidneys were higher than scores in kidnevs (65-7; SEM 1-3) or severe (72-7; SEM 3-2) changes. 
which were moderately (p < 0-01) oi mildly (p Ditferences are not significant. Kidneys with mild 
U-OUT) scarred. No significant correlation existed histological change were less extensively scarred 
ciween angiog! iphic score and age. No sex differ- than those with moderate (b < 0-05) or severe (Pp 
ence was observed. A negative correlation existed 0-001) changes. Cortical thickness diminished as 
etween angiographic score and total renal area (7 histological change became more severe ( Fig. 4) 
35, p 0-001). A better negative correlation 
rig. 3) existed between score and cortical area DISCUSSION 
U-45, f 0-001). This was improved slighth [he histological distinction between pyeloneph- 
0-52. f 0-001) by the exclusion of kidneys  ritic and ischaemic renal scarring is often difficult. 
wing moderate or severe scarring. Glomerular sclerosis, tubular atrophy and interstitial 
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Area of renal cortex tern? } 


Angrographic score 


Fic. 3. 
Correlation between renal cortical area and angiographic 
score. 


changes occur in both arteriosclerotic nephrosclerosis 
and chronic pyelonephritis (Heptinstall, 1966). In 
the present study, a histological diagnosis of arterio- 
sclerotic nephrosclerosis was made only if, in addition 
to these appearances, the interstitial inflammatory 
infiltrate was predominately lymphocytic. According 
to Kimmelstiel et al. (1961), an active pleomorphic 
inflammatory infiltrate, particularly accumulation of 
polymorphs, provides the most reliable histological 
evidence of chronic pyelonephritis. Like them, we 
found macroscopic assessment of the contour of 
scars to be unhelpful. Radiologically the papillary 
distortion which is characteristic of pyelonephritic 
scarring manifests itself as calyceal clubbing 
(Hodson, 1959). Smith (1962), examining scarred 
kidneys removed at surgery or necropsy, emphasiz- 
ed both the importance of careful naked eye inspec- 
tion of calyces and the anatomical difficulty involved. 
He made only limited use of pyelography, which is 
easily performed and provides a permanent record of 
appearances. Post-mortem pyelography demonstrat- 
ed calyceal deformity in none of the 88 kidneys in the 
present series, an observation confirmed by direct 
inspection. However, scarring was common. In our 
view, it would have been visible as localized indent- 
ations of the outline of 35 kidneys (40 per cent) 
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during the nephrogram phase at intravenous uro- 
graphy. In 12-5 per cent of kidneys scarring was 
severe, a figure in accord with the observations of 
Howell and Piggot (1948) and McKeown (1965) in 
kidneys from elderly subjects. Scars occurred at all 
sites in the kidney, unlike pyelonephritic scars, which 
are usually polar (Hodson, 1968). Indeed scarring 
frequently occurred on the anterior or posterior 
surfaces of the kidney. Partly as a result we failed 
radiologically to recognize indentation of the renal 
outline in nine kidneys (10 per cent), despite 
oblique views. We wrongly diagnosed fetal lobation 
in eight kidneys in which granularity of the surface 
of the kidneys produced slight undulation of its out- 
line; in another four we mistook lobation for scarring. 
Nonetheless we regard post-mortem pyelography as 
a valuable examination when calyceal deformity 1s 
suspected. Considered with the macroscopic and 
histological evidence it has allowed us to conclude 
that the scarring which we observed was not 
pyelonephritic. 

It is likely that the scars were ischaemic. Vascular 
changes tended to be most marked in the most 
extensively-scarred kidneys. Histologically, 49 per 
cent of kidneys showed moderate or severe change 
and 44 per cent had an angiographic score greater 
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than 20 out of 30. The two techniques are comple- 
mentary, in general examining different parts of the 
renal vascular bed. Though we found significantly 
higher angiographic scores in kidneys with histo- 
logical evidence of severe vascular change, small 
peripheral vessels may be affected independently 
of events in larger arteries. Downs (1970), in kidneys 
removed from normotensive subjects, noted angio- 
graphic abnormality of interlobar and arcuate 
arteries when cortical arterioles were histologically 
normal. With others (Bell, 1950; Oliver, 1952), we 
found histological change to be more pronounced 
in arteries than arterioles. Angiographically, how- 
ever, we observed the most severe change in the 
most peripheral arteries, particularly those at the 
poles, although scarring was no more common there. 
Davidson, Talner and Downs (1969) made similar 
conclusions. Like them, we found no correlation 
between severity of vascular change and age in 
subjects over 50 years old, observations which 
resemble those of Ljungqvist and Lagergren (1962) 
in afferent arterioles. This is not to deny that 
significant differences in angiographic appearances 
exist when young and elderly normotensive subjects 
are compared, both in specimens (Davidson et al., 
1969) and in life (Hollenberg et al., 1969). 

Even in the absence of localized scarring, the size 
of the human kidney begins to diminish at about 50 
vears of age (Roessle and Roulet, 1932; De Leon et 
aL, 1933; Wald, 1937, Dunnill and Halley, 1973). 
Though this, together with an age-related decline 
in renal function (Lewis and Alving, 1938; Davies 
and Shock, 1950), has been documented for many 
years, Dunnill and Halley, in 1973, found "surpris- 
ingly little” information in the literature about the 
quantitative anatomy of the normal human kidney at 
various ages. Studying tissue loss from different parts 
of the kidney by point counting techniques, they 
noted a marked reduction in the volume of the cor- 
tex, beginning in middle age, and confirmed earlier 
work (Moore, 1931) which demonstrated a fall in the 
number of glomeruli. Changes in the renal vessels 
are also well described (Bell, 1950; Oliver, 1952; 
NMicKeown, 1965) but differences in definition have 
led to difficulties in quantifying these and in com- 
paring the results of published series (Darmady et 
al., 1973). Only recently have attempts been made to 
relate renal vascular changes directly to loss of renal 
substance (Takazakura et al., 1972; Hollenberg et al., 
1974). Renal area, measured from radiographs, is 
well correlated with renal weight, despite a small 
increase in the amount of fat in the renal sinus, as the 
kidney ages (Moell, 1961; Griffiths, Cartwright and 
MeLachlan, 1975). Inthe present study, cortical area 


and total renal area tended to be smaller in older 
subjects but no significant correlation existed be- 
tween either of these measurements and age. The 
relationship between renal dimensions and vascular 
change, judged either histologically or angio- 
graphically, was better. In particular, we observed a 
highly significant correlation between angiographic 
score and cortical area, a correlation which persisted 
when kidneys showing marked localized loss of 
tissue in the form of scarring were excluded. We 
regard this as further evidence that the decline in 
renal size which occurs with ageing, particularly 
diffuse loss of cortical tissue, is more closely related 
to changes in renal vasculature than to age itself. 
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Book review 


Differential Diagnosis of Gastric Diseases. By Keiichi Kawai 
and Hiromichi Tanaka, pp. 162 (110 illus.), 1974 (Tokyo, 
Igaku Shoin Ltd., Berlin, Heidelberg, New York, Springer- 
Verlag), $68.60. 

The expertise which Japanese doctors have brought to 
bear on the radiology and endoscopy of the stomach has 
become increasingly appreciated during the past ten years. 
The two techniques are complementary and possess specific 
advantages and disadvantages of their own. It is not rare in 
Japan that one doctor uses both radiology and endoscopic 
techniques since they have found that mastery and skill in 
the use of these two diagnostic techniques together greatly 
enhances the possibilities of correct diagnosis. The two 
authors of this book are experts in both fields. 

The book is divided into two main sections. The first 
concerns the fundamentals of radiological techniques, 
including a general description of their methods with 
technical detail of the methods of examinations. They 
stress the need for making use of all the available radiological 
evidence, including mucosal pattern, the outline when the 
stomach is filled with barium and the appearance when 
the stomach is fully distended and double contrast 1s em- 
ployed. Finally, the importance of compression Views 
made with varying degrees of compression is emphasized. 
To make use of only one type of technique is to miss valuable 
information. They make no reference to the use of relaxants 
such as Buscopan (Hyoscine-N-butylbromide) and give no 
details of the type of barium preparation they consider best. 

They go into similar details of the fundamentals of endos- 
copic diagnosis including many practical suggestions for 
overcoming difficulties and limitations inherent in this 
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technique. They describe in detail the way in which biop- 
sies should be taken from suspected areas in the stomach. 

The main section of the book consists of a number of 
case presentations of different types of pathological lesions 
divided into those which are predominantly the protruding 
type, and those which are the excavating type. In each sec- 
tion there are descriptions of clinical cases in which the 
radiology is correlated with the endoscopic findings and the 
pathological diagnosis. The radiological reproductions are 
in the negative, that is barium appears black. These are 
usually accompanied by coloured photographs of the 
appearances of the lesion at endoscopy and a photograph 
of the pathological specimen and histological sections. 
‘They describe a number of cases which they consider to be 
tvpical and others in which the features do not allow a 
definitive diagnosis to be made. They also include a section 
on rare cases for as they say “it is important to know of 
cases diagnosed by other doctors besides the limited cases 
of one's own experience. Medicine is experimental diag- 
nostics and an excellent physician has the features of rare 
and difficult cases classified in an orderly manner in his 
mind”. 

The language is sometimes rather stilted, and there are 
some minor typographical errors which do not detract from 
the value of the book which will be of great interest to all 
engaged in gastro-intestinal radiology. It emphasizes the 
need for close co-operation between the radiologists and 
endoscopists who are using complementary techniques in 
order to arrive at a more complete diagnosis for the benefit 
of the patient. 

J. W. Laws. 
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ABSTRACT 
The maximum rate of excretion of ioglycamate in the bile 
of the rhesus monkey was achieved when the rate of admini- 
stration was at least twice the rate of excretion. A maximum 
concentration of toglycamate in the bile was also established, 
and this is more important to the visualization of the bile- 
ducts than the quantity of ioglycamate excreted. The 
maximum concentration was obtained at the same rate of 
infusion as that which produced the maximum rate of 
excretion. The peak concentration was sustained longer 
with an infusion lasting two hours than with one lasting 36 
minutes, although the same quantity of ioglycamate had 
been administered. 
ft is concluded that an infusion at a rate equal to twice the 
maximum excretory rate and continued for two hours or 
longer is a rational approach to intravenous cholangiography 
particularly in those patients where there has been some 
difficulty in bile-duct visualization. 


There is still conflict in the literature as to the 
relative merits of performing intravenous cholangio- 
graphy by an infusion technique instead of the more 
widely used single bolus injection, The improvement 
in bile-duct visualization with the infusion technique 
reported by some authors (Allen 1969; Feldman and 
Keohane, 1966; McNulty 1968; Payne, 1968), has 
not been found by others (Darnborough and Geffen, 
1966; Foy, 1968; Margolin and Obata, 1968). 
However, most authors agree that toxic side effects 
are fewer with the infusion technique, and there is 
evidence that the concentration of iodipamide in the 
bile is higher following an infusion than following a 
bolus injection (Whitney and Bell, 1972). 

We have measured the excretion of ioglycamate in 
the bile of the rhesus monkey following different 
rates of infusion, and following infusions of different 
duration, in order to determine a rational approach 
to intravenous cholangiography. The monkey model 
used enabled the excretion and concentration of 
maintaining an "intact" entero-hepatic circulation 
of bile acids. The importance of maintaining an 
intact entero-hepatic circulation when investigating 
the excretion of biliary contrast agents has been 
previously stressed (Whitney and Campbell, 1972). 
"Present Address: The X-ray Department, St. Mary's 
Hospital, Milton Road, Portsmouth, Hants. 
fPresent Address: The Department of Gastroenterology, 


5t. Bartholomew's Hospital, West Smithfield, London 
ECLA 7BE. 














MATERIALS AND METHODS 

Experimental animals 

The experimental model has been fully described 
elsewhere (Dowling et aL, 1968). Female rhesus 
monkeys weighing approximately 5 kg were used. 
The animals had a T-tube tied in the common bile- 
duct in such a position that the cannula collected 
bile-duct was occluded so that all the bile was 
collected by the cannula. The bile was passed 
through an electronic stream splitter to divert one 
drop in 20 for analysis, and the remaining bile was 
returnéd by a second T-tube inserted into the 
gastric antrum. Both cannulae were exteriorized 
through separate stab wounds. The monkeys were 
kept in restraining chairs and were not used for 
experiments until bile volume and bile salt secretion 
reached a steady state; this usually took at least two 
weeks from the time of operation. 


Experimental technique 

Group A (four experiments). loglycamate was given 
by intravenous infusion using a constant infusion 
pump starting at a rate of 10-5 mg/minute. At 120 
minutes from the start of the infusion the rate was 
increased to 26 mg/minute and this was continued 
for a further 80 minutes and the rate was then 
increased further to 45 mg/minute for 30 minutes. 
Bile samples were collected from the start of the 
infusion and continued for 260 minutes. 


Group B (eight pairs of Experiments). The monkey 
was given an intravenous infusion for two hours at a 
rate of 26 mg/minute and the bile samples collected 
for a total of 180 minutes from the start of the 
infusion. T'wo days later the same monkey was 
given a fast infusion at a rate of about 81 mg/ 
minute lasting for only 36 minutes so that the same 
quantity of ioglycamate was given, and the bile 
samples collected as before for 180 minutes. A total 
of eight pairs of experiments was performed. In two 
experiments, three blood samples were taken during 
the course of the infusion, and the plasma concen- 
tration of ioglycamate estimated. 
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Collection of samples. The T-tube in the common 
bile-duct was disconnected from the stream splitter 
and all the bile collected for a ten-minute period. 
The bile volume was noted, 0-2 ml. was removed for 
ioglycamate estimation and the remainder then 
passed through the stream splitter. The entero- 
hepatic circulation of bile salts was therefore only 
interrupted for a maximum of ten minutes. 


Chemicals and estimations 

Ioglycamate methylglucamine (17 g in 100 ml.) 
labelled with a tracer amount of !??I was used. The 
concentration of ioglycamate in the bile was 
estimated using a well-type scintillation counter, 
and the calculations were made by comparing the 
activity of the sample with the activity of a stock 
solution. The quantity excreted was calculated from 
the concentration and the bile volume. 


Statistic. The mean and standard error was calculat- 
ed in Groups A and B. Paired T-testing was used to 
compare the transport maximum and concentration 
maximum in Group B. 


RESULTS 
Group A 
The excretion of ioglycamate in the bile following 
three different rates of intravenous infusion 1s shown 
in Fig. 1. The infusion was started at a rate of 10:5 
mg/minute and continued at this rate for 120 minutes. 
No ioglycamate was detectable in the bile in the 
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The effect of three different rates of infusion on the excretion 
of ioglycamate in the bile. The infusion was started at a rate 
of 10-5 mg/minute. No ioglycamate appeared in the bile 
until 30 minutes from the start of the infusion. The ex- 
cretion reached a maximum rate of 7:3 mg/minute but 
increased to 12 mg/minute when the infusion rate was 
increased to 26 mg/minute. A further increase in the in- 
fusion rate to 40-5 mg/minute produced a small depression 
in the rate of excretion. Each point is the mean of four 
experiments and the standard error is plotted. 


first twenty minutes from the start of the infusion 
and the excretion rate rose rapidly from the 30 
minute bile sample to reach a level of 7:3 mg/ 
minute by 70 minutes from the start of the infusion. 
At this stage the excretion rate was 29 per cent less 
than the rate of administration. The infusion rate 
was increased to 26 mg/minute and the excretion 
increased to 12 mg/minute; this was the maximum 
excretory rate (transport maximum) since a further 
increase in the infusion rate to 40-5 mg/minute did 
not increase the rate of excretion. A small depression 
in the excretion rate occurred following the highest 
rate of infusion. 

The graph of the concentration of ioglycamate in 
the bile at the different infusion rates (Fig. 2.) was 
similar to the pattern of excretion. At an infusion 
rate of 10-5 mg/minute the concentration of iogly- 
camate in the bile was less than the maximum (37 
mg/ml.) which followed the infusion at 26 mg/ 
minute. À further increase in the infusion rate to 40-5 


mg/minute did not increase the concentration in the 


bile. 


Group B 

The effect of administering the same total of 
ioglycamate in either 36 minutes or in two hours is 
shown in Fig. 3. The faster rate of infusion produc- 
ed the same maximum concentration in the bile as 
the slower rate but the concentration maximum was 
reached sooner with the faster rate than with the 
slower rate of infusion. The concentration remained 
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'The effect of three different rates of infusion on the con- 
centration of toglycamate in the bile. The infusion was 
started at a rate of 10-5 mg/minute. The concentration of 
ioglycamate in the bile rose rapidly and levelled out at 29 
mg/minute The concentration increased to 37 mg/ml. when 
the infusion rate was increased to 26 mg/minute and no fur- 
ther increase in the concentration was produced by increas- 
ing the infusion rate to 40-5 mg/minute. 
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The effect of administeri ing the same total quantity of 
ioglycamate m either 36 minutes or 120 minutes. The faster 
te of infusion produced the same maximum concentration 
as the slower rate but reached it within 35 minutes from the 
start of the infusion as compared with 70 minutes following 
the slower rate of infusion, However, the duration of the 

"peak concentration" 
longer duration slower infusion than following the faster 
infusion (A). Each point on the graph is the mean of eight 

experiments. 





within 10 per cent of the maximum for a much 
longer period following the two-hour infusion than 
following the 36-minute infusion at the faster rate. 
The results have been analysed by paired T-testing 
to reduce effect of inter-animal variation and the 
results are shown in Fig. 4. There was no difference 
in the maximum excretion or the maximum con- 
centration between short or long duration infusion. 
The duration of the peak concentration was 90 min- 
utes following the two-hour infusion as compared 
with only 50 minutes following the infusion which 
lasted oniy 36 minutes. 
The plasma concentration of ioglycamate rose 
faster when the contrast was given at a faster infusion 
rate and the results of the two experiments in which 
the plasma level was estimated are shown in Fig. 5. 


Discussion 

There appears to be a maximum rate of biliary 
excretion of organic antons by the liver, and most of 
these share the same transport mechanism (Sperber 
and Sperber, 1971). The biliary contrast agents 
iodipamide and ioglycamate are organic anions and 
have a maximum rate of excretion, and this rate 
varies with different species. A value of 7 mg/ 
minute had been found for the excretion of iodi- 
pamide in the Boxer dog (Burgener et al., 1970), and 
the present experiments showed a value of 14 mg/ 
minute for the excretion of ioglycamate in the 


was much longer (B) following the - 
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The results shown in Fig. 3 Have been analysed by paired 
T-testing in order to reduce the effect of inter-animal 
variability and the results are shown in this histogram. 
There was no difference in the maximum concentration or 
maximum excretion rate following the two different rates of 
infusion. The duration of the "peak concentration" was 
considerably longer with the slower, longer duration 
infusion. 


rhesus monkey. A rate of administration equal to the 
maximum excretory rate is all that is required to 
sustain the transport maximum of a substance such a 
bromsulphthalein which is almost entirely excreted 
via the liver (Wheeler, Meltzer and Bradley, 1960), 
but an infusion rate of 26 mg/minute, nearly twice 
the maximum excretory rate, was required to sustain 
the transport maximum for ioglycamate. A similar 
finding has been reported for the excretion of iogly- 
camate in the rat, where an infusion rate of twice the 
excretory rate was necessary (Sperber and Sperber, 
1971). 

Following injection of the contrast agent there is a 
rapid fall in its concentration in the plasma due to 
the distribution in extracellular water, although, 
unlike bromsulphthalein there is no hepatic storage 
of either iodipamide or ioglycamate (Sperber and 
Sperber, 1971). The distribution in the extra- 
cellular water may in part account for the high 
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Levels of ioglycamate (Biligram) in the bile of the rhesus monkey following intravenous infusion 
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The results of measuring plasma concentration of iogly- 
camate at different rates of intravenous infusion. The open 
circles show the plasma concentration when the infusion 
rate was one and a half times the Tm. The closed circles 
show the plasma concentration achieved in a second ex- 
periment in which the infusion rate was the same as the 
transport maximum for 120 minutes and then the infusion 
rate was increased to three times and then to five times the 
Tm. The time in minutes is from the start of the infusion. 
'The plasma concentration of ioglycamate rose rapidly with 
the fast infusion rates. 


infusion rate necessary to maintain the maximum 
biliary excretion, and would make it impossible to 
use the indirect technique (Wheeler et a/., 1960) to 
assess the transport maximum from changes in 
plasma concentration. Furthermore, between 10 
per cent and 29 per cent of the administered dose 
of ioglycamate is excreted in the urine (Taenzer and 
Herms, 1971), and in the present experiments only 
seventy per cent of the administered dose was 
excreted in the bile when the rate of infusion was 
below the transport maximum. An infusion rate of 
three times the rate of excretion depressed the 
excretion of ioglycamate. This phenomenon is well 
established for svstems with a maximum transfer 
rate and occurs with iodipamide in the dog and the 
rat (Cook et al., 1952; Fischer, 1965; Sperber and 
Sperber, 1971). It has been suggested that the de- 
pression of iodipamide excretion at high rate of 
administration does not occur with ioglycamate 
(Sperber and Sperber, 1971) but the present 
experiments do not confirm that finding. 


1 


To decide upon the optimum rate of intravenous 
infusion in man requires knowledge of the maximum 
biliary excretory rate. À value of 30 mg/minute 
in non-jaundiced patients has been suggested, and 
successful cholangiograms have been obtained 
using an infusion rate of 50 mg/minute (Miller et al., 
1969). These values were obtained from patients 
with T-tubes in the bile-duct, and may be inaccurate 
since bile volume and composition do not return to 
normal for at least two weeks following surgery on 
the biliary tree, with the measurements usually 
having to be carried out within this period (Dowling, 
Mack and Small, 1970). Furthermore, this value 
would not apply to patients with liver disease or 
jaundice, where the excretion of ioglycamate would 
be expected to be depressed in a similar manner 
to the excretion of bromsulphthalein. 

The concentration of ioglycamate in the bile at 
different rates of infusion followed a similar pattern 
to the excretion (Fig. 2). The maximum concen- 
tration was not reached until the infusion rate was 
sufficient to produce the maximum rate of excretion, 
and even a further increase in the rate of adminis- 
tration did not increase the concentration in the bile. 
There was therefore a concentration maximum as 
well as a transport maximum and this would be 
expected since bile remains virtually isosmotic with 
plasma (Sperber and Sperber, 1971). Any increase 
in the excretion of ioglycamate by the hepatocyte 
would be accompanied by an incremental increase in 
the bile volume. It is the concentration of togly- 
camate in the bile and not the quantity excreted 
which determines radiographic density, and a con- 
centration of iodine of 10 mg/ml. is required for 
visualization of the bile-duct (Edholm and Jacebson, 
1959). Provided sufficient bile containing an adequate 
concentration of 1oglycamate 1s secreted to replace 
the volume of bile already in the system, the 
quantity of loglycamate excreted is of no importance 
in intravenous cholangiography. The volume of 
bile required is unknown but there is a "dead- 
space" volume since there is a delay between the 
start of the choleresis induced by the excretion of 
contrast and its appearance in the bile (Whitney and 
Campbell, 1972; Whitney and Bell, 1972). Iogly- 
camate appeared later in the bile when a slow rate of 
infusion was used. T'he maximum concentration was 
not reached until 70 minutes from the start of the 
infusion at the slower rate, compared with 40 minutes 
when the faster infusion was used (Fig. 3). The 
slower infusion rate, however, enabled the duration 
of the infusion to be increased without increasing 
the quantity of ioglycamate administered. This pro- 
duced a prolonged "peak concentration" (Fig. 4), 
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which should enable the whole of the bile in the 
biliary tree to be replaced by bile containing the 
maximum concentration of ioglycamate. 

À prolonged infusion at a low dose-rate has been 
suggested for jaundiced patients. If the concen- 
tration of ioglycamate in the bile is inadequate for 
the demonstration of the bile-duct, sufficient 
contrast may collect in the gall-blader subsequently 
to provide a satisfactory demonstration of the bile 
duct when the gall-bladder is made to contract 
(Hoenig et al., 1970). 

The plasma concentration of ioglycamate rises 
rapidly if the infusion rate greatly exceeds the rate of 
excretion (Fig. 5) and this would be expected to 
increase the incidence of toxic effects. In order to 
minimize this risk the rate of administration should 
not exceed twice the maximum rate of biliary 
excretion. Further studies are still required in man to 
determine the transport maximum of ioglycamate in 
patients with jaundice. 
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tion therapy and oncology. It would also be a useful book for 
student radiographers. 

it covers the physical aspects of the subject including the 
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making use of excellent cross-sectional anatomical diagrams 
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3-9 there appears to be an error in that the wedged filter is 
reversed. This together with two minor errors has been 
corrected in an errata slip. 

Radiation effects in cells and normal tissues, followed by 
those in tumours are discussed in a concise but adequate 
way. The section on radiation oncology tackles the various 
systems, outlining the type of management which can be 
anticipated and the results obtained. There is an excellent 
glossary. 

This is a small book of only 177 pages. It is well illustra- 
ted and indexed and should appeal to those already men- 


tioned. | 
B. T. HALE. 
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Septal lines in pure right heart failure 
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ABSTRACT 
Two adult patients are described with pure right heart 
failure and chronically elevated systemic venous pressure, 
Neither patient had evidence of pulmonary venous hyper- 
tension, but both had septal lines. This unusual finding 
may be the result of impaired centripetal lymph flow in the 
lungs due to obstruction of the drainage of the thoracic duct 

by raised systemic venous pressure. 


Septal lines are seen in both cardiac and pulmonary 
disease. In cardiac disease they are invariably a reflec- 
tion of pulmonary venous hypertension associated 
with lesions sited in the left side of the heart or 
pulmonary veins. They usually disappear rapidly 
after reduction of the pulmonary venous pressure by 
medical or surgical treatment. In isolated right 
heart failure causing an elevated systemic venous 
pressure, the pulmonary venous pressure is normal 
and so septal lines would not be expected. We wish 
to describe two cases in which septal lines have 
been seen in association with pure right-sided heart 
failure. 


Casg REPORTS 
Case 1 

A male clerk was found at four years of age to have 
pulmonary stenosis causing right ventricular hypertophy 
with a loud systolic murmur in the pulmonary area. Cardiac 
catheterization revealed mean pressures of 3 mm Hg in the 
RA, 29 mm Hg in the RV, 15 mm Hg in the infundibulum 
and 5 mm Hg in the main pulmonary artery. There was 
no evidence of a shunt. During the next 12 years he re- 
mained well, but from the age of seven the JVP was 
elevated and the liver enlarged. 

Then, at 16, he developed peripheral oedema over a 
fortnight and was admitted to hospital. At no time had he 
been breathless. Clinical examination revealed no cyanosis 
or clubbing. There was gross swelling of the scrotum and 
inner thighs. The JVP was raised to the angle of the jaw 
with a prominent 'a" wave and the liver was large. On 
auscultation in the pulmonary area there was a harsh ejec- 
tion systolic murmur. The lungs were clear. A chest radio- 
graph demonstrated a large heart with prominence of the 
right ventricle and right atrium. The pulmonary vessels 
were underfilled, and, surprisingly, septal lines were present 
in the right costophrenic angle, but not on the left side 
(Fig. 14 and B). Treatment with diuretics effected prompt 
clinical improvement, the peripheral oedema subsiding and 
the septal lines on the chest radiograph disappearing 
(Fig. 1c). However, the elevated JVP and hepatomegaly 
remained. Cardiac catheterization at this time revealed a 
mean pressure of 6 mm Hg in the RA, a systolic pressure of 
100 mm Hg in the RV and a pressure of 15/5 with a mean 
of 9 mm Hg in the MPA. Again oxygen saturations were 
normal with no evidence of a shunt. The angiocardiogram 
demonstrated a small pulmonary ring with valvar stenosis. 
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At operation an enlarged right ventricle and atrium were 
confirmed. The pulmonary valve was diaphragm-like with a 
small central orifice. A pulmonary valvotomy was performed 
from which an uneventful recovery was made. 

Two weeks later the chest radiograph showed a smaller 
heart with normal pulmonary vessels. The raised JVP and 
hepatomegaly returned to normal during the next five vears, 
and he remains well. 


Case 2 

A male sanitary inspector was well throughout 
childhood and adolescence. He served overseas during 
World War II and was graded A1. At that time, at the age 
of 30, he was conscious of mild dyspnoea on extreme effort, 
but played football, At 31 he was aware of definite limitation 
on exercise and once fainted after sprinting 100 yards. 

At a routine mass X-ray examination, when 38 years old, 
he was found to have a large heart and was referred to the 
National Heart Hospital. His only complaint was dyspnoea 
with severe exercise. There was no cyanosis, clubbing or 
oedema, but evidence of right ventricular hypertrophy with 
a widely split second sound and a loud P2. 'The JVP was 
elevated, The chest radiograph demonstrated slight cardiac 
enlargement with dilation of the pulmonary trunk and proxi- 
mal pulmonary arteries, but with a reduction in size of the 
peripheral vessels, Septal lines were visible in both coste- 
phrenic angles (Fig. 2a and n). The diagnosis of pulmonary 
arterial hypertension was made, but the septal lines were 
unexplained. 

During the next few years he remained well, with no 
deterioration and in 1957, at the age of 43, cardiac catheteri- 
zation was performed. This revealed mean pressures of 
—2 mm Hg in the RA, 70 mm Hg in the RV and 70 mm Hg 
in the MPA. Attempts to wedge the catheter were unsuc- 
cessful. No shunt was demonstrated. The chest radiograph 
remained unchanged, and the septal lines were still present. 

Eight years later the JVP was 6 cm with a prominent 
“a” wave, and he was again catheterized. The mean pres- 
sure was 5 mm Hg in the RA and 75 mm Hg in both the 
RV and MPA. Again wedging was unsuccessful and there 
was no evidence on oxygen saturation of a shunt. A pul- 
monary angiogram demonstrated gross dilation of the 
main pulmonary artery and proximal branches with marked 
diminution in size and tortuosity at segmental artery level. 
In particular, the pulmonary veins and left atrium were 
normal with no delay in flow across the mitral valve. 
No shunt was demonstrated. The chest radiograph at this 
time showed an increase in the number of septal lines in 
the left costophrenic angle and in the size of the pulmonary 
trunk and proximal pulmonary arteries. The diagnosis of 
primary pulmonary hypertension was made. 

He was regularly seen in out-patients with no change in 
his symptoms or signs, but the JVP returned to normal 
with no treatment. 

In 1970, aged 56, he contracted infective hepatitis and 
became jaundiced with abnormal liver function tests. In 
October that year he developed a fatal E coli septicaemia. 

At post-mortem the heart was slightly enlarged, entirelv 
due to right ventricular hypertrophy. The pulmonary trunk 
and its main branches were enlarged with atheromatous 
changes. There was no coronary or valvar abnormality. 
'The pulmonary veins and left heart were normal. Evidence 
was also present of multilobular cirrhosis. 
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DISCUSSION 
The presence of septal lines with isolated right 
heart disease without pulmonary venous hyperten- 
sion has not been previously described. It is difficult 
to explain but some observations may be made from 
the two cases reported. 

(1) Both patients had clinical evidence of long 
standing RV outflow obstruction (probably 
longer than 12 years). 

(2) The JVP was markedly and chronically elevated 
with right atrial hypertension. 

(3) There was no evidence of a right to left shunt at 
atrial level, even though the RV pressures were 
approaching systemic values. 


Fic. 1. Case 1. 


(A) Severe pulmonary stenosis. Marked enlargement of the 
right heart and septal lines at the right base. 


(B) Local view of right base showing septal lines. 


(c) Local view of right base showing disappearance of septal 
lines following medical treatment. 
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Fic. 2. 


Case 2. 


(4) Primary pulmonary hypertension. Enlargement of proximal pulmonary arteries. Bilateral basal septal lines. 


(B) Local view of right base showing septal lines. 


A possible explanation is that elevation of the 
systemic venous pressure in the thorax causes ob- 
struction to the drainage of the thoracic duct. This 
being the case, severe chronic elevation of the 
systemic venous pressure may cause oedema of the 
interlobular septa in the lungs, as has been des- 
cribed following obstruction or ligation of the 
thoracic duct. Thus the septal lines may be the 
result of impaired centripetal lymph flow in the 
lungs and not transudation of fluid from the pul- 
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monary capillaries (Grainger and Hearn, 195 
Felson, 1973). 
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Van Buchem's disease 


(Hyperostosis corticalis generalisata) 
By R. H. Owen, M.D., D.M.R. 
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ABSTRACT 
Ihe features of Van Buchem’s disease are described, 
ffecting. six members of one family, spanning three 
generations, of ages from 7 to 64 vears 


Van Buchem, Hadders and Ubbens (1955) described 
|! bone dysplasia consisting of an increase in cortical 
bone thickness and density affecting the skull, 
mandible, and shafts of the long bones. The mandible 
was greatly thickened and enlarged, with prognathos, 
the vault of the skull showed thickening and in- 
creased density of the inner and outer tables, and the 
long bones showed cortical thickening of the shafts 
due to endosteal bone deposition. Scott and Gautby 
(1974) described changes in the medullary bone of 
vertebral bodies. 

lhe condition is first detected in childhood and 
shows a general progression throughout life, but 
with very little physical disability. The alkaline 
phosphatase is elevated in about 50 per cent of cases, 
but no other abnormalities of blood chemistry have 
been reported. Further cases were described by 
Fosmoe, Holm and Roscoe (1968), Van Buchem 
(1971), Maroteaux, Fontaine and Scharfman (1971), 
and Scott and Gautby (1974), also six probable 
cases in a Japanese family were reported by Russell, 
Bizzozero and Omori (1968). 

[here is a marked familial tendency in this con- 
dition (Van Buchem, 1955; 1962: 1971), Worth 
and Wollin (1966), and Maroteaux et al. (1971). This 
report presents the clinical and radiographic features 

t six members of one family whose ages range from 
/ to 64. One of the patients (Mrs. D. C.) has been 
the subject of a previous publication (Dyson, 1972). 
| he genealogical table is presented in Table I and 


‘TABLE | 
(GENEALOGICAL TABLE 


37418. 64 
Ke + SDC 40 


E — — Jt — — 4 
é d d i ", 
KC CC MC MC DC 
19 16 14 10 7 


d Unaffected male Ó Unaffected female 
S Affected » 6 Affected " 


the clinical and radiological features are as follows: 
Mrs. 1. B., aged 64 years, mother of Mrs. D. C., 

showed facial appearances (Fig. 1) similar to her 

daughter (Fig. 2). Blood chemistry was normal. 
Radiographs were reported as follows: 

Skull: Dense thickening of the vault and base of the 
skull, and of body of the mandible, strongly re- 
sembling Paget’s disease (Fig. 3) 

Chest: Scapulae and ribs showed increased density 
of the cortical bone but normal thickness of the 
cortex of these bones. 

Vertebrae: Appeared normal. 


K. C., husband of Mrs. D. C., showed no bony 
abnormality. 


K. C., aged 19 years, son. Complained of nasal 
blockage, and showed a facial appearance similar to 
his mother (Fig. 4). Blood chemistry was normal, 





Fic. 1. 


Mrs. I. B., large mandible and wide nasal bridge 
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Radiographs were reported as follows: 

Skull: Thickening and increased density of both 
tables of the vault and base, and in the body of the 
mandible ( Fig. 5). 

Skeletal survev: Cortical thickening and increased 
density which was most marked in the middle 
third of the shafts of all the long bones and in th« 
ribs (Figs. 6 and 7). The upper thoracic vertebra 
showed increased density of cortical bone 
On February 27, 1975, the pelvis showed coarse 

stellate trabeculation in the region above the acetabula 

(Fig. 8) similar to that seen in Mrs. D. C. (Fig. 14). 


C. C., aged 16 years, son. Facial appearance 
similar to his mother (Fig. 9). 
Radiographs were reported as follows: 
Skull: The inner table shows a little thickening and 
the body of the mandible shows cortical thickening 
and increased density anteriorly (Fig. 10) 





Mrs. D. C.. features similar to Mrs. I. B. 





Fic. 3 Fic. 4. 


Mrs. I. B.. skull, showing thick, dense, vault and mandible K. C.. son, facial features similar to his mothe: 
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I 
C., son, skull, showing thickening and increased densit\ 
ault and bas« 


FIG 7. 


K. C., son, chest, showing cortical thickening of the ribs and 
clavicles. 





Fic. 8. 


K. ( son, pelvis, showing coarse stellate trabeculation 
around the acetabula. 


| tf b 
K. C., son, long bones, showing cortical thickening of the 
shafts 
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Chest: The upper seven ribs on both sides show 
cortical thickening. 
Vertebrae: Showed no abnormality. 


M. C., aged 14 years, son. No abnormality Facial 
appearance similar to his father. 


D. C., aged 7 vears, son. Facial appearance re- 
sembles his mother. 
Radiographs were reported as follows 

Skull: A slight increase in density of cortical bone ts 
seen in the skull and mandible. 

Chest: The upper seven ribs on both sides, and the 
clavicles, all show definite slight cortical thicken- 
ing and increased density of cortical bone. 

Vertebrae: Showed no abnormality. 


M. C., aged 10 years, daughter. Showed facial 
appearance similar to her mother (Fig. 11). 
Radiographs were reported as follows: 
Skull: Shows a slight increase in density of cortical 





bone of the inner table of the vault and base. The 
mandible appears normal. 





à Chest: The upper seven ribs on both sides and both 
Fic. 9 clavicles all show increased density and slight 
C. C., son, facial resemblance to his mother thickening of cortical bone (Fig. 12). 





Fie. 10. 
(0 di , Fic. 11 
C. C., son, skull, showing slight thickening of inner table of 
skull, and of cortex of the mandible anteriorly M. C., daughter, facial appearance similar to her mother. 
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Recent radiographs of Mrs. D. C. (March 3, 1973) Pelvis: Shows coarse dense trabeculation in the iliac 


how bones around the acetabula (Fig. 14), with a 
Skull: Thickening and increased density of the vault distinctive stellate pattern. 
and increased density, with expansion of the Long bones: All show increased density and thicken- 
mandible (Fig. 13). There is no change in ap- ing of the cortex of the shafts with narrowing ot 
carance since May 1968. the medullarv cavities (Fig. 15). 


Vertebrae: Appeared normal. 
She complains of pain and swelling of the man- 


; "- 


dible and increased thickening of the bridge of the 





nose. Her blood chemistrv remains normal. 


DISCUSSION 

| his family demonstrates the progressive develop- 
ment of this disease, from the youngest member ol 
seven vears up to the eldest of 64 vears. 

l'he familial tendency is evident and has been well 
documented. The mode of inheritance, however, is 
not vet clearly established and is, at present, some- 
what confusing. Van Buchem noted in 1971 that 
"the pedigree chart is indicative of the autosomal 
recessive nature of this disease". On the other hand. 
Maroteaux observed a dominant transmission. The 
genealogical table of this affected family also shows a 
dominant mode of inheritance. 





The radiological features are sufficiently charac- 
Fic. 12 teristic to enable a confident diagnosis to be made. It 
M. C., daughter, upper seven ribs and clavicles, showing — is therefore, a condition with which radiologists 


me reased thc kne ss and density Of cortical bone . à , . ^ 
should be familiar in case it is mistaken for another 


disease process. The differential diagnosis from 





hic. 13 Fig. 14. 
Mrs. D. C., skull and mandible, showing gross increase in Mrs. D. C., pelvis, showing coarse, dense, irregular 
cortical thickening and density. trabeculation around the acetabula. 
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Mrs. D. C., long bones, showing thickening and increased density of the shafts, with narrowed medullary cavities 
- 
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TABLE H 
COMPARATIVE TABLE OF BONE DYSPLASIAS 




















































































| i Paget's disease Osteopetrosis Diaphvseal dysplasia | Van Buchem's disease 

| Onset | Latein life. Childhood. Childhood, Early adolescence. 

i AANE nA pyre eA rer er ema tr ERIN IPED RENTON eea onu yo nua a agua ^ ——— IR ELEC A RRA ATR RR ERRARE —M e eO H Here He tr P Pa rr rrr rei m rmn a aa raa rta a aH 
| Heredity Net proved. Yes. Yes. Yes. 

bw p——————————————— SIS Vorher PAR ey e Or : i : a gets y 

| Distribution | Any bone. Symmetrical. Symmetrical. Symmetrical, 

| Irregular distribution. Long bones in Diaphyses of long Middle thirds of long 

| proximal and distal bones. | bone and ribs. 

| thirds. Not skull. Skull. 

Ribs. Mandible. 

| Pelvis. Distinctive pattern in 

| Not mandible. pelvis. 

s Serum Raised considerably. Normal, Normal. Raised i in 50 per cent. 

| Alkaline 

| Phosphatase 

| Bone sathli. EA batter Bones hard and Subperiosteal new Very hard dense | 
| with bones softened. brittle. bone deposition. normal bone. 

Cortical thickening No demarcation Fusiform expansion Endosteal thickening. 

| with coarse irregular between cortical and | of shafts of long Narrowed medulla. 

i trabeculation. deeper bone. bones. 

| Areas of osteoporosis No trabecular Sclerosis with 

| and sclerosis. structure and no hypertrophied 

i cancellous bone. trabeculae. 

— - o PE -—- 
Pa: get 's disease, osteopetrosis and Cammurati- corticalis generalisata familiaris). British Journal of Oral 





Engelman's disease is shown in Table II. It is likely 
that most cases will cóme to the attention of a 
radiologist as an incidental finding at either a 
screening examination or following injury. 

The clinical complications of the condition appear 
to be of minor type and restricted to the face. One 
patient complained of nasal blockage and another 
of increased thickening of the bridge of the nose and 
pain and swelling of the mandible. Three of the 
patients suffered from acne. 
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ABSTRACT 

This paper reports the determination of absorbed dose 
to bone marrow in the treatment of polycythaemia by 3?P, 
based on the measurement of activities in bone and marrow 
biopsies taken at various times from 1 to 27 days after in- 
jection of the radionuclide. Activities were measured in 
the cortex, trabeculation and marrow of biopsies taken from 
the iliac crest, and also in sternal marrow. The biological 
half-life of ??P in marrow from the iliac crest was found to 
be nine days; that derived for sternal marrow was lower, 
but the difference was not statistically significant; the value 
for trabecular bone was 27 days. The biological half life for 
32P in the body, as measured by whole-body counting, was 
39 days. Calculations of the dose-rate to trabecular marrow 
have been made by a method based on that of Whitwell and 
Spiers (1971), but modified to allow for the presence of 
*?P in the marrow as well as in trabecular bone. The dose- 
rates follow a single exponential decay with a half-life of 
6-7 days. The integrated dose including that during the 
first day is 24 rad per mCi injected. 


The use of radioactive phosphorus, 32P, as a treat- 
ment of primary polycythaemia has been widely 
adopted since the method was first introduced by 
Lawrence in 1939 (Lawrence, 1940). Methods for 
determining the therapeutic dose (in mCi) have 
varied, but in general they have been empirical and 
based on the observed clinical response of the red- 
cell volume (RCV). One method, widely used, has 
been to give repeated small doses until the desired 
reduction in RCV is achieved {Reinhard et al., 1946; 
Lawrence, 1955); another, to give single large doses 
adjusted according to the patient's weight (Abbatt 
et al., 1954; Harman, Hart and Ledlie, 1955). A 
further refinement was introduced by Hume, Cowell 
and Goldberg (1966), who observed that the fall in 
RCV was linearly related to the radioactivity 
given, irrespective of weight, over quite a wide 
dose range. They were able to use an experimentally- 
obtained regression line to predict the therapy dose 
required to reduce the RCV to normal in a given 
patient provided that his actual and (predicted) 
normal RCV were known. However, in about 15 
per cent of the cases the expected result was not 
achieved. 

Such methods have been evolved largely because 
little data exists upon which a more fundamental 


approach, based on radiation dose and biological effec- 
tiveness, could be made. Osgood (1965) has compared 
the effectiveness of intravenous injections of 22P with 
that of total body irradiation by X rays in the 
treatment of chronic granulocytic and lymphocytic 
leukaemias. Calculations of the dose to bone 
marrow following intravenous administration of 32P 
have also been made by Seltzer, Kereiakes and 
Saenger (1964) and by Mays (1973). Low-Beer, 
Blais and Scofield (1952) produced a dosage scheme 
based on the assumption that the concentration of 
??P, three days after injection, was up to ten times 
greater in those tissues most avid for phosphorus 
(bone, liver and spleen), but did not consider whether 
differences existed in the doses received by these 
individual tissues. In the present paper the dose to 
marrow in trabecular bone is determined from contri- 
butions by 3?P in the marrow itself, in the trabecular 
bone and in the cortical bone surrounding the 
trabeculation. Some dose estimates are also made for 
haemopoietic tissues in other sites. 

The determination of the dose-rate to bone mar- 
row is based on the measurement of 32P activity in 
the bone and marrow of bone biopsies taken at dif- 
ferent times after administration of the isotope, 
followed by dose calculation. using methods de- 
veloped recently (Spiers, 1969; Whitwell and Spiers, 
1971; 1975). More realistic dose data are thereby 
obtained, and these are discussed in the light of 
earlier estimations. 


EXPERIMENTAL PROCEDURES 

The subjects were nine patients with primarv 
polycythaemia, clinical details of whom are given in 
Table I. Four had previously been treated with 32P; 
the remainder were new, untreated patients. The 
object of the investigation was explained to each 
patient and each agreed to take part. The standard 
procedure adopted was as follows. 

Initially red-cell and plasma volumes were 
measured for each patient by standard techniques, 
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Patent: 


Sex 

Age (years) 

Weight (kg) 
Haeriogiobin uet i3 
Red-cell count | - pis +q- 
Platelets count : < 10° (1 
White-cell count x 109 (0-1) 
Blood vol ic body weight 
(ml kg-t} 

Plasma volume/bodyweight 
(ml kg 

Red cell volume/bodyweight 
iri kg?) 

Spleen palpable (cm below 





106-9 


PWD en te trina a ua eme M S o pA rata a medela Ms Aa 


38-3 
63-6 





Jo Mean td EY Peu y CP Y A AAR ARANAN AE ERE T 


costal margin) 3 
Activity administered (mCi) 6-0 
Previous **P treatment yes 
Number of times 2 


| Activity per treatment (mCi) E 
| Dates 1964, 68 
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TABLE I 
CLINICAL DETAILS OF THE PATIENTS 













N.H. Blood values measured on Coulter S and Thrombo Counter. 


using °'Cr-labelled red cells plus 125] HSA (ICSH 
Report, 1973). Six of the patients were then given 
intravenously 6 mCi 3P and the remainder, for 
clinical reasons, given smaller quantities. Prior to 
the P injection, each patient's counting-rate was 
measured on a whole-body radiation counter, and 
then measured again within half an hour of adminis- 
tration. Whole-body counter measurements were 
taken at frequent intervals up to 28 days thereafter, 
and blood samples were also obtained at frequent 
intervals throughout this period. A trephine biopsy 
from the anterior aspect of the left iliac crest and a 
marrow aspirate from the first part of the body of 
the sternum were taken from each patient. 


Whole-body radiation counting 

The whole-body retention of 3°P was estimated 
by measuring the Bremsstrahlung emitted from the 
body using a whole-body radiation counter, made 
up of eight unshielded Nal (TI) scintillation detec- 
tors housed in a steel cubicle, in a way which has 


been shown to make its response relatively inde- 


pendent of the distribution of activity in the body 
(Burkinshaw et al, 1972). The Bremsstrahlung of 
IP gives a continuous spectrum, and the total 
counting-rate above 400 keV was measured, the 
lower limit beg chosen to exclude ave y ray of 
pered with that eared: on roe same e day from an 
aliquot of the injected dose placed at the centre of 
the array of eight detectors. 


Measurement of blood activity 

Whole-blood and plasma samples were measured 
in an M6 liquid geiger counter,* which was cali- 
brated for its response to ??P in solutions of differ- 
ing density. The response of the counter to ?!1 Cr and 
125] was shown to be insignificant. The separation of 
plasma from whole blood was completed within an 
hour of the sample being taken in order to minimize 
the effect of ??P eluting off the red cells. The activity 
(i. Ci/gm) of the blood and plasma were determined 
by applying density corrections to the count-rates 
and comparing the results with the count-rate from 
a ??P standard. Haematocrits were also determined 
using the standard Wintrobe technique. 


Measurement of sternal marrow activity 

The sternal marrow aspirate consists of two com- 
ponents, marrow and excess blood. By comparing 
Cr and !?9] activities in blood samples and 
marrow aspirate, allowance could be made for this 
excess blood. ??P activities were again determined 
by counting samples in an M6 geiger counter, and 
9!1Cr and 1235] activities by counting in a Nal 
well-counter. The ??P activity (uCi/g) of the sternal 
marrow could then be obtained. 


Measurements of activities in the iliac-crest biopsy 
The specimen was received in the laboratory 


*20 Century Electronics Ltd., England, 


j—X———: 
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TABLE If 
32P RETENTION IN TERMS OF BIOLOGICAL HALF-LIFE 





Plasma 


Whole blood 


— — 




































Whole body Fast component | Slow component | Fast component | Slow component | 
Patient Days Days Days Days Days | 
RH 41-3 1-4 18-2 = ae 
EW 36-3 1:2 17-8 0-3 16-8 
NR 34-8 2-4 24-8 — = 
AW 44-0 29 24-6 1:5 20.9 
DS 37-0 0-6 14-3 — c 
GH 41-4 1:15 21:8 0-4 16.0 
EF 341 — -— — — 
AL 38.3 1:9 25-1 1-0 177 
CC 46-8 2-8 33-3 0-6 28-5 
Mean 39-2 1-7 22:5 0-5 20-0 
s.d. 4-5 0-7 5-9 0-5 34 
RR M. SE RR IRR RO Hence MEIN mE ce MT RNOESU MN IPSINS UNT E ER 
TABLE IH 
NORMALIZED ??P ACTIVITIES IN THE STERNAL AND ILIAC CREST BIOPSIES 
Iliac crest biopsy Sternal marrow aspirate 
Timeafter | Trabeculation Cortex Marrow ‘Time after 
Patient injection (days) uCig pCi got uCig i iniection (days) pi got 
RH 7 0-825 0-137 0-152 = 
EW 2 0-368 0-205 0-329 M 
0-389 
NR — — — — 0-287 
AW 7 0-289 0-186 0:344 0-283 
0-194 0-203 
DS 1 0-390 0-429 0-555 0-339 
1 0-316 0-359 0-455 0:385 
0-465 0-341 
15 0-415 0-129 0-122 0-176 
0-209 0-170 
10 0-194 0-304 0-144 0-048 
0-296 (0-087 
23 0-235 0-045 0-066 0-028 
0-163 0-051 





shortly after removal. The surface fluids and ex- 
traneous tissues were gently removed from the 
biopsy specimen with filter papers and the specimen 
(approximately 1:5 cm long and 0:5 cm diameter) 
cut into trabecular portions and a cortical slab. 
Each trabecular portion was then placed in a wire 
mesh cage suspended in a conical flask and the mar- 
row cavity tissues flushed out with an air-pressurized 
water-spray and collected in the flask. The washings 


were evaporated to 2 ml., dissolved in 10M nitric 
acid and measured in an M6 counter. The trabecular 
portions and untreated cortical slab were separately 
dissolved in nitric acid and similarly measured. 
Activities in »Ci/g were calculated for trabecular 
bone, cortical slab and marrow. 


. REsULTS 
The results of the procedures described in the 


135 


VoL. 49, No. 578 


F. W. Spiers, A. H. Beddoe, S. D. King, C. J. Hayter, A. H. Smith, L. Burkinshaw and B. E. Roberts 


Fro. 1 
Variation of counting-rate along the body at Day 3 and 
Day 2 fer patient RH. 
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previous sections are summarized in Tables H and 
II and in Figs. 1-3. In order to compare the ac- 
tivities in different patients it was necessary to adopt 
some method of normalization. In the first place all 
??P activities were adjusted to 6 mCi administered 
activity. The patients differed, however, in weight, 
stature and in other ways, as shown in Table I. 
Bearing in mind the findings of Hume et al. (1966) 
that weight alone was an unsatisfactory basis on 
which to adjust the administered activity, it was de- 
cided to normalize the results to a fixed total plasma 
volume, taken as 2-94 /—the average value for pa- 
tients seen in the Leeds Clinic. The question of 
“normalization” will be discussed further at the 
end of this paper, but it was considered reasonable 
to normalize by plasma volume because our results 
are then expressed as those for the same initial 
activity per litre of plasma—i.e. for tissues initially 
offered the same radionuclide concentration. 


Retention of ?*P in blood, plasma and whole body 

The retention curves of activity in the whole 
blood and plasma were analysed to determine the 
biological half-lives, In each case a two-component 
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exponential function was assumed and the exponents 
estimated by a statistically weighted (1/activity?) 
least squares method. The results, which show fast 
(~one day) and slow components, are given in 
Table II. Patient EF did not have serial blood 
samples taken, and the plasma-activity retention 
curves were not estimated for patients RH, NR and 
DS because the plasma was not separated sufficiently 
quickly from some of the blood specimens. 

On the other hand, the retention curves for the 
whole-body activity measurements were found to 
follow single exponential functions from day one 
onwards; the whole-body half-lives are also given in 


Table II. 


Retention as a function of anatomical position 

In addition to the whole-body counting measure- 
ments the gross distribution of ??P was also meas- 
ured in three of the patients, using collimated y-ray 
detectors placed beneath the supine patients. Figure 
1 shows how the counting-rate varied along the 
body of one of the patients at three and 21 days after 
injection. The other two patients gave similar pat- 
terns. The distributions changed gradually with 
time and in each case the counting-rates over the 
extremities fell more slowly than those over the 
trunk. In fact, the relative counting-rate over the 
extremities, after allowing for physical decay, in- 
creased with time, indicating 9?P accretion in these 
parts. Redistribution of ??P continued during the 
measurements, but since most of the activity was 
in the trunk, the whole-body effective half-life 
remained close to that measured over the trunk. 


Activities in the sternum and iliac crest biopsies 

The activities in marrow from the sternum and 
iliac crest are shown in Table IHI and Fig. 2, where 
it can be seen that the results for each site can be 
treated as a single group. Single exponential func- 
tions have therefore been fitted to each set of values 
(by least squares on the logarithms of the values). 
The two values of the biological half-life thus ob- 
tained, ~9 days for iliac marrow and ~7 days for 
sternal marrow, however, do not differ significantly 
(P » 0-9). 

The activities measured in the trabecular bone 
and the cortical slab from the iliac crest are shown 
in Fig. 3. (The cortical slab consists mainly of cor- 
tical bone, with some adhering soft tissue and tra- 
becular bone edges.) Best-fit curves are also shown 
in Fig. 3 for the trabecular and cortical slab activities. 


DOSIMETRY 
Recent methods of calculating the dose to red 


marrow from radionuclides incorporated in bone 
(Whitwell and Spiers, 1971; 1975) can be applied 
in a modified form to the present cases, where radio- 
nuclide activity is also found in the bone marrow. 
The calculations were designed to determine the 
average dose-rate to the red marrow at the time of 
the bone biopsy and hence to study the variation of 
dose-rate with time after injection. This inevitably 
involves certain assumptions: first that the activities 
per gram measured from the iliac specimens of 
marrow, trabecular bone and the cortical slab are 
representative of the activities in other correspond- 
ing parts of the skeleton; and second that the pa- 
tients behave as a homogeneous group in respect of 
uptake, location and retention of the radionuclide. 
'The measured activities were multiplied by average 
skeletal dose factors, derived from the data of 
Whitwell and Spiers, to give average red-marrow | 
dose-rates on the biopsy day. 


Dose from activity in trabecular bone, cortical bone and 
marrow 

In calculating the dose to bone marrow, the dose 
factors given by Whitwell and Spiers cannot be 
applied directly because they relate only to deposi- 
tion of the radionuclide in the trabeculae. No method 
has so far been given for the situation in which 
two inter-penetrating non-equilibrium depositions 
(in the trabeculae and in the marrow) co-exist. 
The principle by which the combined dose-rate 
from both trabecular and marrow activities can be 
calculated is shown in Fig. 4. If the trabecular 
activity is greater than the marrow activity, às in 





Activity « pCi g^ 


(a) ib) 
Fic. 4. 


Diagram illustrating principle of calculating the combined 
dose-rate to marrow from activity Ær in the trabecular bone 
and Aw in the marrow. 
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Fig. 4a, we could first calculate the dose rate from 
an "infinite" medium having a notional activity, 
Aw, equal to that of the marrow, and then add on 
the dose-rate from the excess activity, 4p — Ay, in 
the trabeculae, where Ay is the trabecular activity. 
This procedure is not quite exact, however, because 
the mass stopping power in bone is less than in 
marrow and, consequently, a smaller activity, pAy, 
in bone will give the same dose to a small mass of 
tissue within bone as will activity Ay in a uniform 
soft-tissue medium. The excess bone activity should 
therefore be adjusted to Ay—pAm, where p is the 
ratio of the particle mass stopping powers, bone/ 
marrow. The value of p varies slowly with B-particle 
energy, and has been calculated to be 0-90 for 3?P 
from the data of Berger and Seltzer (1966), assuming 
that the mass stopping power of marrow is the same 
as that of muscle. 

The first part of the combined dose-rate is cal- 
culated from the usual formula: 


Di—5b2É;Aywrad/day . z s 


where the activity is in uCi/g and Ey is in MeV 
(Es=0:695 for 3?P). The second part of the com- 
bined dose-rate is given by: 

Da —GDg (Ay--pAm) rad/day (2) 
where G is the average dose factor for skeletal red 
marrow in trabecular bone (—0-276 for 32P) and Do 
is the dose-rate to a small tissue inclusion from 
| uCi/g of 3P in surrounding bone having dimen- 
sions greater than the -particle range ( —39-5 rads/ 
dav), taken from the data of Whitwell and Spiers 
(1975). 

The dose-rate Dy from the combined activities 
in both marrow and trabeculae is then: 


D MT i À - Da . ( 3 ) 


If the activity in the marrow is greater than 
that in the trabeculae, a similar procedure is fol- 
lowed, which is illustrated in Fig. 4b, but the value 
of De is negative. It must be emphasized that Dj 
and D» are notional dose-rates used to calculate the 
combined dose rate Dyr, and do not represent the 
actual contributions to the dose-rate from the mar- 
row and trabecular activities. These can be deduced, 
however, once Darr is known. 

The contribution from the trabecular activity is: 


Dry GDgAmq 10-944 rad/day (4) 
and hence that from the marrow activity is: 
Dy -Dyur—Dy:—(51-2 By —pGDo) Au = 
24-5 Ayrad/day — . ; ; . (8) 


A small contribution to the dose to marrow in 
trabecular bone is made by the 32P in the cortex. 
The average value for the cortical dose factor for the 
skeleton as a whole is 0-052 for 32P (Whitwell, 1973) 
and hence the contribution De from the cortex can 
be given as: 


Dc-0:052 DoAc—2-05 Ac rad/day . (6) 


Where necessary a factor (0-96) has been introduced 
to allow for lack of particle equilibrium in those 
bones from which a small fraction of the particle 
energy escapes (Spiers, 1966; Whitwell, 1973). 


Calculated dose-rates from 1 to 27 days post injection 
Dose-rates have been calculated at the time of 
the bone biopsy for each patient, using equations 
(4), (5) and (6), and the measured activities Ar, 
Ay and Ac. The total dose-rates to bone marrow, 
D--Dw4-De, are shown in Fig. 5, two points 
being shown (linked by broken lines) for the five 
cases when two measurements of Ar and Ay were 


Dose Rote :rod d^ 











5 1 15 20 25 30 
Time after injection «days» 
Fic. 5. 
Curve A: Best fit single exponential to the total dose rates 
to skeletal bone marrow (D--- Dy + Dc). 

(Curves T, M and C) Best fit curves for the dose-rate con- 
tributions from trabecular bone, marrow and cortex respec- 
tively. 

Insert: Approximate total dose rates calculated for first day. 
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made. The variation of dose-rate with time, f, 
from Day 1 can be represented reasonably well by 
im == Dye At uM A), where Rear UM rad/ 
3 7 days. The bone marrow ose integrated on this 
basis from Day 1 to infinity is then 1309-7 rads. 

If the dose-rate equations (4), (5) and (6) are 
applied to the best-fit curves for the iliac crest ac- 
tivities in Figs. 2 and 3, the separate contributions 
to the total marrow dose rate are as shown in Curves 
T, M and C in Fig. 5. The integrated bone-marrow 
doses from Day 1 are then 57:6, 71-2 and 5:5 rad 
respectively for the trabecular, marrow and cortex 
activities, giving a total integrated dose of 134 rad 
close to the value obtained from the single exponen- 
tial analvsis above. 


Dose received during the first day 

No measurements of bone and marrow activities 
were made earlier than Day 1 but they have been de- 
duced approximately by considering the activities 
in these tissues at Day 1 together with the meas- 
ured activities in plasma and whole blood at 0-1 
and 0-2 days. It was evident that the bone-marrow 
and bone activities increased rapidly after injection, 
and the dose-rates deduced are approximately as in 
the inset to Fig. 5. The dose contribution, inte- 
grated over the first day, was calculated to be ~12 
rads, 

DISCUSSION AND CONCLUSIONS 

Some further consideration should first be given 
to the method of normalizing the results to a fixed 
plasma volume of 2.94 / Other procedures are 
possible and for example, normalization to a stan- 
dard bodyweight is frequently used. In our case nor- 
malization by weight would lead to marrow dose- 
rates as shown in Fig. 6. This would not much affect 
the integrated dose but, of the individual patient 





5 10 15 20 25 
Time after Injection «days: 
Fic. 6. 


‘Total dose-rates calculated on the basis of normalization by 
body mass. 


dose-rates, that for patient AL, would appear ano- 
malously low. Apart from his rather low bodyweight, 
and the fact that he had had previous 9?P treatments, 
this patient was not in other clinical respects differ- 
ent from the other patients investigated. We think, 
therefore, that the low dose-rate shown for this 
patient in Fig. 6 is more probably due to the method 
of normalizing than to any more fundamental cause. 

The results of our investigations suggest that the 
total absorbed dose to marrow in trabecular bone is 
142 rad per treatment, i.e. about 24 rad per mCi 
injected. 'The contributions to this dose from acti- 
vity in trabecular bone, marrow and cortical bone 
are respectively 10, 13, and 1 rad. Contributions to 
the total dose from activity in the marrow and 
trabeculation are thus very similar, the dose-rate 
at Day 1 from activity in marrow being about 
twice that from activity in trabeculation, but falling 
more rapidly with time. The total dose of 24 rad 
per mCi injected can be compared with a value of 
30 rad per mCi injected reported by Seltzer et al. 
(1964). In their calculation these authors assumed 
that two-thirds of the injected activity was deposited 
in a compartment comprising bones, liver and spleen 
from which it was lost with a biological half-life of 
49 days. The dose was apparently calculated on the 
basis of equation (1) with Ay taken as the mean 
activity per unit mass in this compartment. Mays 
(1973) has also calculated the dose from ??P by 
assuming an “uptake of 20 per cent in the 10 kg 
total skeleton of standard man and an effective re- 
tention half-time of 14-1 days". His value of the 
"average skeletal dose" is 15 rad per mCi injected. 
Values given by other authors for the dose to bone 
range from 20 to 50 rad per mCi injected (ICRP, 
1971). 

The total dose to marrow of 24 rad per mCi 
injected found in our investigations may also be 
compared with a “dose in air" of 15 R deduced 
by Osgood (1965) as the biological equivalent of 
1 mCi 3?P, This exposure dose of 15 R can be shown 
to imply a dose to bone marrow (at a depth of 5 cm) 
of approximately 18 rad. External irradiation, 
however, does not necessarily result in the same dis- 
tribution of dose in body tissues as that from an 
internal emitter. 

'The dose to tissues, other than marrow in trabe- 
cular bone, cannot be determined from our data, 
but some estimate of the dose to haemopoietic 
tissues in bone shafts can be made. Bone shafts con- 
tain only sparse trabeculation, and any red marrow 
present would be unlikely to contain more ??P ac- 
tivity than red marrow in normal sites. An approxi- 
mate dose-rate calculation at Dav 1 can therefore 
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be made using equation (1) and assuming the meas- 
ured value for Ay at that time. The effective half- 
life would be approximately that for trabecular 
marrow, and the total dose from Day 1 would be 
about 112 rads, including a small cortical contribu- 
tion. The total dose would then be about 125 rad 
or about 20 rad per mCi injected. Similar con- 
siderations suggest that the dose to extra-medullary 


haemopoietic tissues, as in liver and spleen, would 
not be higher than the estimated value of 20 rad 
per mCi injected for marrow in bone shafts. 

Finally, it can. be seen from Table II that the 
whole-body biological half-life has a mean value of 
39-2 days with a standard deviation of 4-5 days. It is 
suggested that if the whole-bodv half-life as deter- 
mined by whole-body radiation counting lies in the 


whole-body counting-rates were found to be accur- 
ately represented by a single exponential function, 


pe 


the half-life can be readily determined by a few 
clinically convenient measurements. 
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Book review 


Textbook of Anatomy and Physiology in Radiologic Tech- 
nology. By Charles A. Jacobi, 2nd edn, pp. xvii -- 437, 1975 
(C. V. Mosby, distributed by Henry Kimpton Publishers), 
£7-00. 

This book is written for radiographers and aims to relate 
anatomy and physiology to their routine work. 

‘There are some excellent tables throughout the book, 
and the sections on pathology, injuries and technique will 





be of interest to the student. Unfortunately, many radio- 
graphs and skeletal photographs used as illustrations are 
poorly reproduced, and there is a noticeable lack of clear 
diagrams. 
‘There are other anatomy and physiology texts which are 
more suitable at a similar price. 
Miss C. CHRISTIE SMITH. 
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ABSTRACT 

The eradication of established neuroleukaemia is often 
difficult, and with subsequent relapses even harder. The 
use of an intrathecally-injected 8 emitting isotope has the 
advantage of preserving the bone-marrow of the vertebral 
column and cranium whilst irradiating the meninges. The 
value of intrathecal 9°Y-DTPA (diethylene-triamine penta- 
acetic acid) has been investigated in nine patients with 
neuroleukaemia or CNS involvement in malignant lymph- 
oma. 

Measurements of retention of the isotope in the whole 
body, spinal, and intracranial subarachnoid spaces have been 
made, together with blood levels, and are reported. 

The clinical results are presented. In three out of five 
evaluable patients ?9*Y-D'TPA failed to maintain a chemo- 
therapy-induced CNS remission and in two out of two 
evaluable patients malignant cells were not dispersed from 
the CNS with a single intrathecal injection of 9°Y-DTPA. 
It is concluded, therefore, that with this agent and the doses 
used no useful clinical result is gained. 


External irradiation to the central nervous system 
(CNS) during the first few weeks of remission of 
acute lymphatic leukaemia (ALL) is now an 
established procedure aimed at eradicating residual 
leukaemia in the CNS and so preventing CNS 
relapse (Hustu et al, 1973). The eradication of 
established neuroleukaemia is difficult. Aur ef al. 
(1972), reported five patients with CNS relapse 
following 2,400 rad craniospinal irradiation for 
neuroleukaemia, but all had temporary clearing of 
the blasts from the spinal fluid. 

Willoughby (1974) has, however, reported encour- 
aging preliminary findings of the MRC Working 
Party for Childhood Leukaemia, which suggests 
eradication of neuroleukaemia may be achieved with 
cranial irradiation to 2,500 rad, and spinal irradi- 
ation to 1,000 rad after a minimum of six intra- 
thecal injections of methotrexate (10 mg/cm?). 

External irradiation has the immediate disad- 
vantage of producing bone-marrow depression so 
limiting the amount of chemotherapy which can be 
given during the same period. Any long-term effects, 
especially with young children, due to irradiation of 
the CNS and other structures may become increas- 
ingly important with the substantial improvement in 
survival figures for ALL. 


The use of an intrathecally injected 8 emitting 
radionuclide to irradiate the CNS has the advantage 
of restricting the radiation dose to the CNS, We have 
investigated the use of WY chelated to DTPA 
(diethylene-triamine penta-acetic acid) for this. 
purpose in nine patients with established meningeal 
disease. 

90Y is a pure f-emitting isotope (average energy of 
B-rays 0-93 MeV) with a half-life of 64 hours. In 
order to determine the retention and distribution 
quantitatively by external monitoring 199Yb-D'TPA, 
which emits y rays of energy 177 and 198 keV and 
has a half life of 32 days, is administered with the 
90Y -D'TPA (Wagner et al., 1970). After leaving the 
cerebrospinal fluid (CSF) the ®Y-DTPA distributes 
throughout the extracellular fluid and is excreted 
rapidly by glomerular filtration. 


MATERIALS AND METHODS 

The 9Y-DTPA and 1$?Yb-D'TPA were supplied 
by the Radiochemical Centre, Amersham, U.K. The 
90Y is carrier free (100 mCi/pgY) and the %Y- 
chelate contains 0-1 mg DTPA per mCi of Y, 
Purity was checked by chromatography (Kovach, 
1973): less than 2 per cent of the 99Y and 1 per cent 
of the 199 Yb was in the ionic form. 

Whole-body retention was measured by serial 
counting in a whole-body counter with the patient 
lving prone and then supine 2 m below a 5 cm 
diameter Nal (T1) crystal. To observe the detailed 
distribution of the !699?Yb-D'TPA in the CSF high- 
resolution images were obtained using à gamma- 
camera (Nuclear Chicago HP). 

Quantitative whole-body scans were carried out 
using a moving-couch system with two opposed 12:5 
cm diameter crystals and digital readout (Trott et al., 
1973). 'Twenty-five-hole focusing collimators were 
used, giving a resolution (FWHM) of approximately 
3 cm at the focus. The activities in the spinal 
subarachnoid space (SSS), intracranial subarachnoid 
space (ISS) and bladder were estimated by taking 
the total counts within the physical limits of the 
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organ and expressing them as a percentage of the 
total body counts. This method was checked by 
using appropriate phantoms. The same geometrical 
areas were used on repeat measurements for each 


per cent. 

Blood samples were taken during the first 48 hours 
in most cases, and urine samples were obtained for 
the same period from one patient, together with a 
CSF sample at 48 hours. 


PATIENTS AND PROTOCOL 

Seven patients with proven ALL and aged 
between 2 and 50 years have been treated, also one 
patient with acute myeloid leukaemia (AML) and 
one with diffuse histiocyctic lymphoma (DHL). The 
injection was carried out using standard lumbar 
puncture techniques with the body tilted slightly 
head down. The activities of the 9Y—-DTPA ad- 
ministered are shown in Table I. Two millicuries of 
55*Yb-D'TPA were administered together with the 
?"Y-D'TPA. Patients were encouraged to drink 
plenty of water for the first 48 hours to minimize the 
radiation dose to the bladder. 


Case REPORTS 

Case 1. Diagnosis : acute lymphatic leukaemia 

A 23-year old male diagnosed in October 1971. Despite 
haematological remission, CNS relapse occurred in july 
1972. He was treated with 2,500 rads in 18 days to the 
oram and with intrathecal methotrexate. A further CNS 
relapse occurred in March 1973 and an Omaya valve was 
constructed, As there was no response to intrathecal 
methotrexate, cytosine arabinoside was used with success. 
A third CNS relapse occurred in December 1973, and it was 
decided to give “'Y-D'TPA and craniospinal radiotherapy to 
maintain the CNS remission induced by intrathecal metho- 
trexate (total 10 mg) and cytosine arabinoside (total 220 mg). 
There were no blast cells present during the *?Y-D'TPA 
treatment, but there was a further CNS relapse two months 
after completion. 


Case 2. Diagnosis: acute lymphatic leukaemia 

An 8-year-old boy diagnosed in May 1970 who was given 
prophylactic CNS radiotherapy (2,500 rads in 23 days to the 
brain and 2,400/20 to the spine) in November 1971. In July 
1972 a bone marrow and CNS relapse was successfully 
treated by re-induction and intrathecal methotrexate. The 
same occurred in October 1973, and CNS blasts were again 
eliminated by intrathecal methotrexate. In April 1974 a 
further CNS relapse prompted the use of ?"Y-D'TPA. A 
total of 8 mg methotrexate and 350 mg cytosine cleared the 
blasts before the intrathecal 9"Y-D'l'PA. He had a CNS 
relapse five and a half months after the completion of the 
90Y D'TPA therapy. 


Case 3, Diagnosis : acute lymphatic leukaemia 

A 21-vear-old-man who at diagnosis in February 1974 was 
found to have leukaemia cells in the CSF and was treated 
with alternate intrathecal methotrexate and cytosine arabino- 
side. He was admitted in April 1974 with chemically- 
induced meningism. In June 1974 he had headache and CSF 
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blasts were found. He was given alternate methotrexate 
(total 12 mg) and cytosine arabinoside (total 100 mg) 
followed by ??Y-—D'TPA. There were no blasts at the time of 
the *PY-D'TPA therapy, but he had a further CNS relapse 
the month after completion. All the injections were partially 
unsuccessful with whole-body retention at four hours of 45, 
60 and 43 per cent of the dose, although the third injection 
was under radiological control after myodil had been 
successfully introduced. 


Case 4. Diagnosis: acute lymphatic leukaemia 

A 17-year-old youth, a Jehovah’s witness, whose parents 
refused blood transfusions for him, diagnosed in December 
1973, developed headaches and vomiting during remission 
induction. The CSF was clear of blasts, but methotrexate 
was instilled intrathecally. Prophylactic cranial irradiation 
was given in January 1974 (2,500 rads to the brain in three 
weeks) with intrathecal methotrexate. In February 1974 a 
lumbar puncture showed occasional blast cells in the CSF 
but further intrathecal methotrexate dispersed them. A 
further appearance of CSF blasts in May 1974 was controlled 
with cytosine arabinoside (total 300 mg) and 9°Y-DTPA and 
craniospinal radiotherapy were used to attempt to maintain 
the CNS remission. The patient remains well. 


Case 5. Diagnosis: acute lymphatic leukaemia 

A 48-year-old male, another Jehovah’s witness, diagnosed 
in September 1973, also showed blasts in the CSF during 
remission induction. Initially he was treated with cranial 
radiotherapy and intrathecal methotrexate, but after severe 
nausea and vomiting, the radiotherapy was abandoned after 
approximately 300 rads and he was started on dexametha- 
sone, but continued on methotrexate. The CSF was clear in 
December 1973, and he was maintained on bi-monthly 
methotrexate intrathecally. In August 1974 it was decided 
to use craniospinal irradiation, partially with external radio- 
therapy and partially with 9"Y-D'T'PA to spare the bone- 
marrow, in order to maintain the remission. There was 
CNS relapse three months after completion of the 99y 
therapy. 


Case 6. Diagnosis: acute myeloid leukaemia 

An 18-year-old girl, diagnosed in August 1973, who in 
July 1974 developed a right facial palsy and headaches. No 
response to intrathecal cytosine arabinoside (total 400 mg) 
led to a decision to use intrathecal methotrexate (total 24 
mg) followed by 9?9Y-D'TPA. There were a few blasts 
(1/mm?) at the start of the °°Y-DTPA, however, both the 
first two injections were unsatisfactory and the CSF was 
clear at the third injection. The patient remains well. 


Case 7. Diagnosis: acute lymphatic leukaemia 

An 18-year-old youth who was diagnosed in November 
1972, had prophylactic CNS radiation (2,500 rads in three 
weeks) in January and February 1973. A CNS relapse in 
January 1974 was treated with intrathecal methotrexate and 
cytosine arabinoside. In September 1974 he was well, but a 
high CSF blast count (371/mm?) prompted the use of 
^?Y -DTPA. 12 mg of intrathecal methotrexate was given the 
week before. At the time of the single injection of *?Y D'TPA 
the blast count was 4/mm?; a fortnight after it was 2/mm? 
and the patient continued on weekly methotrexate. 


Case 8. Diagnosis: acute lymphatic leukaemia 

A two-year-old baby diagnosed in May 1974, A neutro- 
penic episode prevented prophylactic CNS irradiation in 
August 1974. Despite intrathecal methotrexate and cytosine 
arabinoside in September, he developed a CSF blast count 
of 45/mm?, and it was decided to use 9°Y-DTPA. 35 mg of 
cytosine arabinoside was given intrathecally six and 15 days 
before the isotope therapy, and at the time of the 9°Y-DTPA 
injection the count was 1/mm?. However, the blasts were 
not cleared and the patient continued on weekly metho- 
trexate, 
Pj 
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Case 9. Diagnosis: diffuse histiocytic lymphoma 

A 43-year-old woman, diagnosed in December 1971, who 
developed papilloedema in October 1973 and later left optic 
atrophy. 3,360 rads (21 fractions in 27 days) were given to 
the whole brain with 4,130 rads to the left orbit (same 
fractionation). In October 1974 she was admitted with head- 
aches and confusion. A lumbar puncture showed abnormal 
histiocyctes and she was treated with dexamethasone and 
intrathecal methotrexate (total 48 mg) without great success. 
An EMI brain scan showed no space-occupying lesion and 
intrathecal 9" Y-D'TPA was given. The scintigram indicated 
a block at D1, only a small fraction of the isotope reaching 
the cistern. The whole-body retention at 18 hours was only 
6 per cent. A subsequent diagnostic isotope cisternogram 
again indicated a partial block at D1; however, a myelogram 
showed no obstruction. We are unable to offer a satisfactory 
explanation. Malignant cells remained but cleared slowly 
with cytosine arabinoside. 


RESULTS 

Table II is a summary of the clinical results in 
terms of the effect of the 9°Y~DTPA therapy on the 
number of blast cells present in the CNS or on the 
length of remission after the treatment. 

The intrathecal administration produced no 
complications. However, in 7 of the 23 administ- 
rations (Table I) only a fraction—in one case only a 
tenth—was retained in the CSF, the remainder either 
leaking from the puncture or being injected into the 
subdural space. This activity rapidly diffused into 
the ECF leading to a high blood level at 15 minutes 
and low whole-body retention at four hours. Apart 
from case 9 the isotope reached the basal cisterns by 
about 20 minutes, and circulated throughout the 
subarachnoid space during the subsequent few hours. 

Figure 1 shows the whole-body, intracranial 
subarachnoid space (ISS) and spinal subarachnoid 
space (SSS) retention for one typical administration. 
The whole-body retention measured by the external 
counter agrees within 5 per cent with the retention 
derived from the urine data. A CSF sample at 48 
hours gave 0-017 per cent, dose per ml. and assum- 
ing 90 ml. of CSF in the SSS (see dosimetry section) 
this gives 1-5 per cent of the dose in the 585 com- 
pared with 0-8 per cent from whole body scanning. 

Blood samples gave a low initial radioactive con- 
centration rising to a maximum at 10-15 hours. If the 
plasma concentration is multiplied by the compart- 
ment size for DTPA, taken in this case to be 16 litres, 
then the total activity within the ECF is obtained 
(Fig. 1). 

Table III shows, for one patient, the total activity 
in various organs at 4:5, 24 and 49 hours, taking the 
data from Fig. 1 together with retention in the 
bladder from whole body scanning—the patient did 
not urinate between the scan and whole-body count. 
'The kidney uptake was estimated assuming a transit 
time of 4 minutes and GFR of 120 ml. /minute. 
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TABLE I 
Surface Surface 
doses doses 
9Y.DTPA | received by | received by 
Patient |. Date given brain spinal cord | 
mCi rads rads 
1 22.1.74 1-0 235 73 
11.2.74 1-6 362 96 
4,3,74 2-9 543 123 
11.3.74 2-7 429 139 
18.3.74 3-8 657 181 
12-0 2226 612 
15.5.74 1-9 6181 161+ 
2 29.5.74 2-0 | — 650+ 1707 
10.6.74 2-1 | 683! 179+ 
6-0 1,951 $0 — | 
22.5.74| External 900 877. | 
-29.5.74 | 
Er i PEIER. AEE AEA STE 
22.7.74)  38* 386 91. | 
3 5.8.74 4.9% « 100 «100 | 
19.8.74 4.5% < 100 «100 | 
31.7.74| External | 1,000 1,000 | 
—7,8,74 | 
5.8.74) 43 1,051 353 | 
4 19.8.74] 3-9 657 186 — | 
2.9.74 7.5 1,525 432. | 
| 
p ME 
3,233 971 | 
K uH Nd een a ai] 
10.8.74] External 1,000 4 00 | 
-18.8.74 | 
IEEE ROMMEL MERE Poeta WARE ARR [DADIEPRRRORASE INNO DIS MEME: ERAN med 
6.8.74 3:2% 302 142 | 
5 20.8.74 5.2 955 306 — | 
3.9.74 8-7 1,384 462 | 
| 2.641 910 | 
12.8.74| External 1,000 1000 | 
-19.8.74 : 
20.8.74) — 4p4* 372 107. | 
6 30.8.74 g5% 243 110 | 
2.9.74 6-1 1,165 378 | 
MOLAR MUNERE PREGA. PN ee "m 
1,780 595. | 
7 13.9.74] 84 2,182 280 | 
8 | 269.741 10 | 1084 2441 | 
9 12410.74] 9-9* « 100 « 100 | 
i 








* Unsatisfactory injection. See text. 
+Very limited data available for calculation. Estimates. 


Table IV shows the mean and range of whole 
body, ISS and SSS retention at 24 and 48 hours for 
all administrations, excluding those where the in- 


jection was unsatisfactory. 
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Whole body, intracranial and spinal subarachnoid space and 

extracellular fluid retention of 199? Yb-D'TPA in one patient 

(Case 1) after intrathecal administration of 1:0 mCi 9?9?Y— 
DTPA and 2:0 mCi !5*Yb-D'TPA. 


A significant long-term retention of the 169Yb— 
DTPA was observed. This was found to be between 
3 and 8 per cent at one week and 1 and 3 per cent at 
two months. 


Dosimetry 

To calculate the radiation dose to the surfaces in 
contact with the CSF, knowledge of the accumulated 
activity in uCi-h for each part of the CSF is required, 
together with information on the target source 
geometry and thickness of the source. 

The uptake and retention data for the CSF has 
been divided into two parts; that for the intracranial 
subarachnoid space and that for the spinal subarach- 
noid space. It has not been considered that a more 
detailed division is justified by the other data avail- 
able. The accumulated activity was obtained by 
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TABLE II 
CLINICAL RESULTS 





No. of CNS 


CNS Situation 


relapses prior at time of CNS results of 
Case | to #Y-DTPA | %°Y-DTPA 90Y-D'TPA 
no. therapy therapy therapy 
1 | Three Remission Relapse two 
| months later 
2 Three Remission Relapse five 
and a half 
months later 
3 Two Remission Unassessable 
4 Two Remission Still in 
remission at 
nine months 
5 One Remission Relapse three 
months later 
6 One One blast/mm? | Still in 
remission at six 
months 
| si Three Four blasts/ | Blasts not 
mm? cleared 
8 One One blast/mm? | Blast not 
cleared 
9 Two Abnormal Unassessable 
histiocytes 
| present | 


TABLE IH 
ORGAN RETENTION AFTER INTRATHECAL INJECTION 


—————— HÀ 





“o administered dose 


AAA rp manv m ie de THON MAMA beta H4 Hr 


45h 24h 49h 
Whole body retention 96 38 18 
Intracranial subarachnoid | 
space 31-4 22-4 11:6 
Spinal subarachnoid space 40-7 5.8 0-8 
Extra cellular fluid 13-4 7:6 1-9 
Kidney 0-5 0-2 — 
Bladder 4.8 1:3 T 
| 90-8 37.3 15-0 
IESUS onda 





Data from one administration (see text for details) 


integrating the area underneath the activity-time 
curve, 

The volume of the CSF and its division amongst 
the various components of the subarachnoid space 
is not easily obtained for individual patients and 
values of 90 cm? for the SSS and 40 cm? for the ICS 
have been taken for adults (Lups and Haan, 1954; 
Lindgren, 1939 and Di Chiro and Fisher, 1964; 
Peterson and Kieffer, 1968). The total volume for 
Case 2 (eight years old) was taken as 80 cm? and for 
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TABLE IV 


WHOLE BODY, INTRACRANIAL SUBARACHNOID SPACE AND 
SPINAL SUBARACHNOID SPACE RETENTION 





Sa administered dose 


7 


Whole 24h | 48h | Administrations | 
body Range 50-35 20-12 15 
Mean 40 16 14 
ISS Range 30-15 12-6 12 
Mean 22 9 11 

S55 Range 9-2 2-0-8 12 | 

Mean 5:3 | iu 11 | 

i 


Yc timane a TENAAAN AAAA N A eaa aE 


Case 8 (two years old) as 50 cm? (Lups and Haan, 
1954). However, the volume for the intracranial 
space includes the ventricles, which probably 
account for half the volume, but the 99? Y -D'TPA does 
not diffuse into the ventricular space to any large 
extent, as demonstrated by the scintigrams. 

The surface doses have been calculated for the 99Y 
by assuming a dose of half that within an infinite 
source at the same concentration. This is a simplifi- 
cation and account needs to be taken of the target- 
source geometry and of the fact that the range of the 
99Y B8 particles is similar to the thickness of the 
cylindrical sheath of liquid around the spinal cord 
(Hilditch, 1968; Johnston et al., 1971, Harbert et al., 
1970, Beatty, 1973). For ?9Y the percentage reduc- 
tion of the surface dose for a typical thickness of the 
cylindrical sheath of CSF around the spinal cord of 
0-35 cm (Hilditch, 1968) as compared with that of an 
infinite slab of infinite thickness, is approximately 
ten (Loevinger, Japha and Brownell, 1956). This 
reduction factor takes into account only the thick- 
ness of the source, and assumes a plane rather than a 
curved source geometry. The cylindrical sheath 
geometry of the CSF around the spinal cord will 
increase the radiation dose to the surface of the spinal 
cord compared to the planar situation; the smaller 
the radius the higher the absorbed dose. Thus the 
two effects, that of the finite thickness of the source 
and that due to curvature of the source, are opposite 
for the spinal cord and partially cancel each other. 
The two effects will have different magnitudes 
throughout the subarachnoid space and the surface 
doses stated have not allowed for either effect. The 
errors due to other factors, such as uncertainty in the 
detailed distribution and concentration of the isotope 
are probably larger. 

Table I gives the estimated surface dose to the 
brain and spinal cord for all the patients treated. 

Table V gives the data for the average absorbed 
dose per mCi successfully administered. The nerve 
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TABLE V 


ABSORBED DOSE ESTIMATE FROM INTRATHECALLY 
ADMINISTERED ?9Y anp 199Yp 
(rad/mCi administered) 


| 90v" | E SEYH | 








caer ana | 
Brain (surface) 205 | 38 | 
Spinal cord (surface) 120 | 20 | 
Nerve root | 240 40 | 
AOSA E NEI IAS SPEM NICO: | 
Kidney Os | 03 | 
Bladder 10 | 16 | 
Whole body 1-0 | ^2 | 


root is assumed to be infinitely thin. Thus the 
absorbed dose will be equal to that at a point in an 
infinite source, and no account has been taken of the 
non-uniform mixing in the intracranial CSF. The 
dose to the bladder was derived from the one patient 
on whom urine measurements were made. 

The !99?Yb absorbed doses (Table V) do not take 
into account the long-term retention. The calcula- 
tions have been carried out in a similar fashion to 
those for the 9? Y, taking the absorbed surfaces dose 
due to non-penetrating radiation as half that within 
an infinite source at the same concentration. The 
effects due to the thickness and geometry of the 
source are negligible when considering the dose to 
the surface of the cord. However, because of the very 
low energy of the electrons, most of the electrons 
will be absorbed in a thin layer; the dose at a depth 
of 0-1 mm due to the electrons is less than 1 per cent 
of the surface dose. At the surface of the cord, the 
dose due to the penetrating radiation 1s about 5 per 
cent of that due to the non-penetrating radiation 
(Morin and Brookeman, 1974). 


Discussion 

Several groups of workers have reported the use of 
intrathecal radioactive gold colloid, mainly to treat 
secondaries from brain tumours (Kerr, Schwartz and 
Seaman, 1954; Rieselbach e£ al., 1962; D'Angio et al., 
1968; Gold et al., 1970). Howe ever, it is difhcult to 
obtain a uniform distribution of the gold and there is 
the danger of loculation. The gold also usually 
causes meningeal irritation. 13! -]abelled human 


serum albumin was also considered for intrathecal 
therapy but was rejected as the compound when 
injected intrathecally is de-iodinated im vivo and free 
iodide released. Even with the thyroid blocked this 
can lead to a higher dose to the thyroid than to the 
spinal cord (Johnston et al., 1971). 

TY was chown as it has a bese B energy, pasa 





Vor, 49, No. 578 


P. H. S. Smith, P. R. M. Thomas, H. A. Steere, H. E. Beatty, K. B. Dawson and M. J. Peckham 


1-2 mm depth; the 50 per cent depth dose for 9°Y 
under the conditions considered is about 0-1 cm 
( Loevinger ef al., 1956; Beatty, 1973). 

it has also a fairly short half-life, thus minimizing 
the danger due to anv long-term retention of the 
radiopharmaceutical. It chelates easily with DTPA 
and has a high stability constant (log k > 18). 

The long-term retention of !99Yb-DTPA has 
been noted by several authors (Barbizet, et al., 1972; 
Morin and De Land, 1974; Alazraki et al., 1974) 
however, the reason for the retention is not under- 
stood. 

The dosimetry shows that therapeutic size doses 
of radiation can be delivered to the CSF and menin- 
geal surfaces in contact with the CSF with a low 
radiation dose to other organs. However, faster 
clearance from the subarachnoid space compared 
with the intracranial CSF is a major disadvantage as 
it leads to large variations in absorbed dose within 
the CSF and to the meningeal surfaces (Table I). 

The problem of extravasation into the epidural 
space and surrounding tissue has been encountered 
in 48 per cent of cases by Mahaley et al. (1974); 
McCullough et al. (1972) and Kieffer et al. (1971) 





have also noted this problem. 

The present technique has been shown, for the 23 
administrations carried out to date, to be safe and to 
have no undesirable side effects. 

The first six patients were treated when in 
remission and received multiple intrathecal adminis- 
trations of 9?Y, In three patients external beam 
therapy of not more than 1,000 rads to the brain and 
spinal cord was also given. The clinical results in 
these cases were not encouraging as three out of five 
assessable cases relapsed within six months. It was 
therefore decided to test the effects of larger single 
administrations on the blast cell count. In view of 
the failure to clear the blasts in both evaluable cases 
we have abandoned the use of intrathecal ®Y-DTPA 
at these doses. 

Although the present agent has been shown to be 
unsatisfactory with the doses administered, work is 
being carried out to find a more suitable agent with a 
longer and more uniform biological half-life in the 
CSF, but with the same desirable lack of organ 
uptake outside the CSF and as rapid excretion from 
the body as DTPA. 
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Book review 


Supplement on Cancer to the Registrar General's Statistical 
Review of England and Wales for the Years 1968-1970. 
1975 (H.M.S.O.), £5:20. 

'The conventional type of book review is inappropriate for 
a publication of this kind, and it seems most useful to quote 
the summary provided inside each volume, by the authors. 


This volume analyses: 

(a) cancer cases first diagnosed in 1968, in 1969 and in 1970, 

(b) the rate of survival over 15 years of cancer cases first 
registered in 1954 and 1955, and 

(c) the five-vear rate of survival of cancer cases registered 
in 1962 and 1963. 

'The main tables in this volume are similar to those of earlier 

volumes and show numbers of registrations and registration 

rates by site, sex and age, distinguishing urban and rural 

aggregates for England and Wales and analysing them by 

site and sex for hospital region of residence. 

The national cancer registration scheme provides for 
Regional Registries to submit a standard abstract card to the 
Office of Population Censuses and Surveys for each cancer 
case diagnosed (in hospital) within their respective areas. 
Because the scheme is voluntary, its coverage of registration 
varies from region to region. Nevertheless, these defects 
of reporting are not thought to be great enough to invali- 
date the main statistics (especially the long-term survival 
rate), and in what follows the reported rates are treated as if 
they were the actual rates, and a cancer is taken to mean a 
category of cancer as classified in the usual way (ICD 
8th Revision) by site. 

The tables show that the incidence of most cancers per 
head is greater in urban than in rural areas, The stronger 
urban/rural gradient for males is due to the large contri- 
bution from lung cancer. There are more types of cancer 
where the rate of incidence is increasing than where it is 
decreasing. Notable among the former group are cancer of 
oesophagus, pancreas, lung (especially in women), ovary, 
testis, bladder and multiple myeloma. The incidence of 
cancer of lip, tongue and stomach are all decreasing. There 
are some regional variations in cancer incidence. Of the 
most common cancers, cancer of the stomach is most fre- 
quent in the Newcastle region and Wales, and least frequent 


Trott, M. G., Corrratt, M. F., Weis, P. G., and 
McCready, V. R. 1973. Investigations of sequential distri- 
bution using a low-background whole body scanner with 
digital output. Medical Radioisotopes Scintigraphy, 1 972, 
pp. 61-78. (IAEA, Vienna). 

Wacner, H. N., Hosary, F., De Lanp, F. H., and 50M, Pa 
1970. A new radiopharmaceutical for cisternography. 
Radiology, 95, 121-125. 

WiLLoucHBy, M. L. N., 1974. Treatment of overt menin- 
geal leukaemia. Lancet, 1, 363. 


in the south and east of the country. Lung cancer is most 
common in the four Metropolitan and Liverpool regions, 
least common in Wales and the relatively rural regions of 
East Anglia and the South West. Breast cancer is less com- 
mon in the Newcastle and Liverpool regions but there are 
no regions of notably high incidence. 

Tables show survivorship at five and 15 years of patients 
with cancer in different sites. The 15-year survival tables 
are the first produced on a national basis. By examining the 
survival rates between five and 15 years after diagnosis 
it is possible to infer the proportion of cancers cured. In the 
diagrams two survival curves are shown for each year: one 
shows the crude survival rate and the other is corrected by 
allowing for the deaths which would be expected to occur 
from other causes. The effect of this correction would be 
to show 100 per cent survival if the cancer concerned had 
no lethal effect or was always cured. The line on the graph 
would become horizonal; it follows that the slope of the 
corrected survival curve indicates the curability of the 
cancer; a steep slope indicates that cancer mortality is high 
(e.g. in the first five years); a shallow slope indicates that 
cancer mortality is moderate (e.g. from the sixth year on). 
A horizontal curve indicates that there is no longer any 
excess mortality due to cancer. An upward curve (rarely 
seen) suggests that the persons with this cancer are less 
likely to die than are a random sample of people of the 
same age and sex, possibly because the cancer occurs more 
among otherwise relatively healthy groups of persons such 
as, for example, happens with skin cancer among farmers. 


I would simply like to add that one must be impressed 
by the great effort involved in producing these figures and I 
found the section on explanatory notes very helpful. This is 
rather more than the title at first suggests and is in itself 
quite informative for those not fully acquainted with 
statistical methods. 

It is also useful to know that the Cancer Registration 
Section of the Office of Population Censuses and Surveys 
invites users of the material to communicate with them 
about points of interest. This facility might not have been 
realized by all of our readers. 

B. T. HALE. 
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Bowel gas—a cause of elevated dose in radiotherapy 


By S. Dische, M.D., F.R.C.R., and J. D. Zanelli, B.Sc., Ph.D. 
Regional Radiotherapy Centre and Gray Laboratory, Mount Vernon Hospital, Northwood, Middlesex 


1974) 


( Hecetved November. 


ABSTRACT 
| he presence of gas in bowel could lead to higher than 
expected doses being given in the radiotherapy of abdominal 
and pelvic tumours. Radiation detectors were placed in the 
uterus and vagina of ten patients with carcinoma of cervix, 
and the actual dose compared with that expected when an- 
terior fields of treatment were emploved. Elevations greate: 
than 10 per cent were obtained in six, and severe post- 
radiation morbidity subsequently occurred in two of the 

three showing the highest readings 


In planning radiotherapy using high-energy radia- 
tion to the pelvis and abdomen, it is customary to 
assume uniform absorption through all tissues. 
since 1966, we have employed lateral radiographs 
with markers on the anterior and posterior skin 
surfaces in order to help determine the volume for 
treatment (Collins and Blake, 1968). In manv of the 
patients so radiographed, a considerable amount 
of gas in small and large bowel could be seen 
(Fig. 1). It was calculated that such gas could lead 
to higher than expected doses due to increased 
lf the gas in the small and large 


intestine were equivalent to a belt 2-5 cm in thick- 


transmission 


ness, then this would result in an elevation of dose 


in the anterior part of the treatment volume in the 





\ lateral radiograph of the pelvis taken for planning of 


radiotherapy to carcinoma of the cervix. 


pelvis of approximately 10 per cent (Batho, 1964; 
Young and Gaylord, 1970). When the planned tu- 
mour dose is considered to be the maximum tolerable 
to normal tissues, such an elevation must increase 
the incidence of morbidity. 

Ryall and Rapley (1969) have measured the dose 
in the rectum and recto-sigmoid in patients under- 
going pelvic irradiation, and have reported measured 
doses to be greater than those planned. They sug- 
gested that air spaces may be a source of error in 
pelvic dosimetry. 

To investigate this possibility we have placed 
radiation detectors in the uterus, and have com- 
pared actual with expected doses. Immediate and 
late effects of radiotherapy upon the bowel have 
been observed in these patients. Early work using 
ionization Chambers suggested that the dose record- 
ed when an anterior field was used was greater than 
expected but the technique was found to be tech- 
nically unsatisfactory. The use of lithium fluoride 
rods has led to more consistent results. 

All patients with carcinoma of cervix are assessed 
by examination under anaesthesia prior to treatment 
(Dische, 1974). In a number of patients at the 
conclusion of the examination a polythene tube, 25 
cm long and 0-6 cm external diameter, sealed at the 
distant end, was introduced to the uterus and held 
in place by some packing in the vagina. A catheter 
was introduced into the bladder and urine allowed 
to drain continuously. 

Later in the day, an inner catheter containing lead 
markers was introduced into the polythene tube and 
radiographs taken with skin markers in order to 
locate the catheter. This was replaced by a second 
inner catheter containing lithium fluoride rods in 
groups of five separated by pieces of lead (Fig. 2). 
The rods were 1 mm in diameter and 6 mm long 
(Teledyne-Isotopes Mr-Lif-7 microrods). A stand- 
ard annealing procedure was used, vis.—4400 C. 
for one hour, followed by 80°C for 24 hours (Cam- 
1961). An anterior treatment field was 
set up using a cobalt unit operating at 90 cm FSD 


eron et al., 


and a standard dose of 10 rads at 4 mm below the 
skin emploved 

The exact position of the groups of lithium fluor- 
ide rods was marked on an outline of the patient, 
and the expected dose calculated from standard 
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TABLE I 
pU i | "S 
Actual doses Impression Morbidity of radiotherapy 
! expressed as a of bowel = [meeen 
Patient | ratio—actual/ gas in During Late 
No. | Stage expected radiographs treatment changes Follow-up 
| —H—— A a MESEINCENEN a NEED REN e inte t DIESES NF RUP OLOR QUIM eas a rete perm eterne rini is 
| 1 | 3 1:11 0 Moderate None Dead at 19 months due to 
| | distant metastases 
2 | 2a | 1-11 d Moderate Occasional. Well, free of tumour at 
| | rectal bleeding | 31 months 
3 1B 1-00 0 None None | Alive at 31 months but : 
| with pulmonary metastases | 
| 4 2A 1-00 1-00 ES | Slight None | Dead due to distant 
| metastases at 18 months 
8 2A 1-00 1-10 i None None Well, free of tumour at 
31 months | 
6 3 1°33 1°22 ek Moderate Marked Dead at 11 months with. | z 
radiation distant metastases; pelvic j} 
change in abscess probablv due to | 
| pelvis and radiation change in bowel | 
bowel 
z 1B* | 1:10 1:17 1-22 4M Moderate One episode Well, free of tumour at 
of haematuria | 26 months 
No bowel | 
morbidity | 
8 3 1:10 1-09 1-12 0 Slight Occasional Well, free of tumour at | 
| rectal bleeding | 21 months | 
9 2A 1-25 1-00 i Moderate None Dead at 17 months due to 
| local recurrence and distant 
metastases 
Nero NN. TERE eR ONERE ER NOD RU NESCIRE MNT Tae NORRIS Ree ng oe ere, [Oni neces MINS M: 
10 3 1-25 deb Slight Died after Dead at 13 months. At 
necrosis of post-mortem, no tumour in | 















pelvis but secondary 
deposits in para-aortic 
nodes 


upper rectum 


*At ‘Wertheim’ hysterectomy, after pre-operative radium, a large secondary node was found on the pelvic wall and post 


operative radiotherapy given to pelvis. 


‘The doses actually obtained are compared with those expected for homogeneous absorption using depth dose data and 
expressed as a ratio—actual dose to that expected. Where there were two or three groups of lithium fluoride rods the 
results in those highest in the uterus are shown on the left. Bowel reactions during treatment and late effects are also noted. 


depth-dose data. The doses received by the lithium 
fluoride rods were read 24 hours after exposure to 
allow for decay of low temperature peaks. Calibra- 
tion of the rods used was performed by 99Co irradia- 
tion of identical rods alongside a Baldwin-Farmer 
substandard ionization monitor under full build-up 
conditions. The calibration rods were used to set the 
controls of the readout instrument (Teledyne iso- 
topes type 7100 TS) so as to give a reasonable num- 
ber of digits/R (usually 20-25). The test rods were 
then read out. The average standard deviation for 
groups of five test rods was +-3-5 per cent. 

A series of ten patients was studied between 
February 1972 and April 1973 and these patients 


have been followed since radiotherapy was com- 
pleted. All received whole pelvis irradiation and a 
single application of radium (Dische, 1974). The 
standard régime consisted of 5,500 R minimum 
tumour dose in 27 fractions over five and a half 
weeks, followed by a radium application to give 
1,800 R at Point A. 

The table summarizes the results obtained. The 
number of groups of lithium-fluoride rods within 
the treatment field varied from case to case accord- 
ing to the length of the uterus and the vagina. Only 
those groups of rods which were well within the 
treatment field are included. The results are shown 
as a ratio—the actual dose to that. expected for 
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Fic. 2. 


A lateral radiograph with skin markers taken to relate the 
uterine tube, which will contain the lithium fluoride rods, 
to the surface of the abdomen. 


homogencous absorption using the depth-dose data. 
Where there were two or three readings, the one 
highest in the uterus is given on the left. Bowel 
reactions during treatment and late effects are 
shown. In six of ten patients actual doses were 
recorded which were 10 per cent or more above 
those expected. The highest reading was obtained 
in Patient 10, who subsequently died due to radia- 
tion changes in the recto-sigmoid without recur- 
rence of tumour. High readings were also obtained 
in Patients 6 and 7; of these two, Patient 7 died 
due to metastatic tumour without recurrence in the 
treated area, but there were considerable symptoms 
due to radiation effects in the bowel before death and 
a pelvic abscess, probably due to radiation necrosis 
in the bowel wall, was seen at post-mortem, 

The treatment used in these 
patients were two, three or four field arrangements, 
the choice depending on patient size. Posterior and 
postero-lateral fields are not so likely to be affected 


techniques of 


by bowel gas as anterior fields, and there is the 
possibility of a reduction of dose due to increased 
absorption in bone, Attempts were made to measure 
doses using such fields but difficulties in exactly 
locating the position of catheters relative to the 
surface were much greater and consistent results 
were difficult to achieve. The increase of dosage 
recorded using anterior fields probably exaggerates 
the true elevation of dose actually received in these 
patients where multiple fields were employed. 
Nevertheless, the results indicate that the presence 
of bowel gas does elevate the dosage achieved in the 
treatment volume. These observations are supported 
by the findings of post-radiation damage in two of 
the three cases showing the highest readings. 

A more satisfactory technique of demonstrating 
the effect of bowel gas has been developed using 
transmission measurements according to the method 
originally described by Burlin (1957), when working 
in this centre, for evaluating the dose to the thorax 
in rotational ®°Co therapy. This technique can be 
used for repeated observations through a course of 
radiotherapy. Methods to overcome the problem of 
inhomogeneity due to bowel gas are being assessed. 
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Book review 


The Radiology of Joint Disease. By D. M. Forrester and J. W. 
Nesson, pp. 474, 1973 (Philadelphia, London and Toronto, 
W. B. Saunders and Company), £9.60. 

This book is one of a series of monographs in clinical 
radiology, and presents a systematic radiological approach to 
the analysis of arthropathy. Starting from fundamental 
principles, the authors set out to educate the reader in a 
most entertaining and refreshing manner. While some 
readers might prefer a more formal style, I feel that the 
authors deserve much congratulation for scoring such a no- 
table success with this form of presentation. 

Following a general introductory section, the radiological 
appearances peculiar to individual joints are then considered 
in detail. To emphasize the importance of radiological hall- 


mark signs, the reader is presented with a series of challeng- 
ing problems after each chapter. The quality of radiographic 
illustration is a particularly outstanding feature. Without ex- 
ception, each abnormality is revealed in the clearest detail. 
Frequent use is made of histological slab sections to illus- 
trate the pathological basis for the radiological changes. 

Radiographic information and facts are presented in a 
form which is directly applicable to practical problem solv- 
ing. Although one must take issue with the statement that 
unilateral sacro-iliitis excludes ankylosing spondylitis, this is 
but a small and trifling scab amidst such a cornucopia. This 
book is warmly commended not for the library shelf, but 
for the bedside! 


W. M. Park. 
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ABSTRACT 

A method of assessing spleen size from splenic scinti- 
graphs obtained using autologous heat damaged *?"Tem- 
labelled red cells is described. The method depends on a 
"computed volume” estimate. The method has a correlation 
coefficient of 0-989 with the exsanguinated weight of the 
spleen after splenectomy and has been shown to have an 
accuracy superior to methods previously described. 


The involvement of the spleen in human disease 1s 
poorly understood and descriptions of changes in the 
spleen are usually based on those found in morbid 
anatomical or surgical specimens. Dynamic changes 
in specific functions such as red-cell destruction can 
be observed but probably reflect red-cell abnormali- 
ties rather than changes in the spleen. In many 
disease states there is a need to be able to monitor 
changes, especially in spleen size, in relation to the 
course of the disease. Changes in spleen size in 
animals have been reported in association. with 
immunological phenomena (Congdon and Makino- 
dan, 1961; Old et aL, 1961; Simonsen, 1961). 
Accurate monitoring of spleen size in man would 
allow observations of dynamic changes in relation 
to an immunological stimulus or in diseases which 
may have an immunological component. 

Clinical examination can monitor changes in truly 
massive splenomegaly but in general, spleens have 
to be larger than 750 g before half of them are 
palpated (Fischer and Leon, 1969). T'o detect lesser 
degrees of splenic enlargement an alternative method 
is required. Unfortunately, invariably many methods 
do not demonstrate the spleen. Radiography is 
successful in only 17 per cent of abdominal films 
(Rosenbaum, Leiber and Pellegrino, 1964) and 
although gas insufflation into the gastrointestinal 
tract or peritoneum can improve on this, invariably 
the spleen is not demonstrated (Zelman, 1958; 
Rosch, 1965). Radiographs taken at specific times 
during intravenous pyelography or coeliac arteri- 
ography (which is not without risk) can demonstrate 
the spleen so that its size can be assessed (Blendis, 
Williams and Kreel, 1969). However, Blendis made 
no comment as to the certainty with which the spleen 
could be demonstrated and the size was calculated 
from a single two-dimensional image of the organ. 


Radioisotopic methods almost invariably demon- 
strate the spleen long enough for detailed analysis of 
multiple images of the organ (Sigel, Becker and 
Hurley, 1970). Radioactively-labelled colloids which 
are commonly used, are removed by reticulo- 
endothelial cells in the liver and spleen and provide 
images of both organs. Liver and spleen images give 
the most useful information in the clinical situation 
but the intensity of the liver image can make detailed 
study of the spleen difficult (McIntyre and Wagner, 
1970) and the effect is compounded when the spleen 
is greatly enlarged (Westin et al., 1972). Images of 
the spleen alone, allowing detailed analysis of a 
number of views of the organ, can only be obtained 
using labelled damaged red cells, although careful 
control of the degree of red-cell damage is necessary 
to ensure a purely splenic image (McIntyre, 1972). 

It is the purpose of this paper to report the 
use of a computer method of assessing organ size 
in man. 'The method of calculating volume has been 
previously described and shown to be valid in phan- 
tom and animal experiments (Leach et al., 1975). 
'This method has been used to assess spleen size in 
man from splenic scintigraphs obtained using 
autologous heat damaged ?9Tcm-labelled red cells. 


METHODS 

Red-cell labelling 

Autologous heat-damaged  technetium-labelled 
red cells are prepared using a method similar to that 
of McRae and Valk (1972). Special care 1s taken to 
ensure an aseptic technique. Washing of the 
erythrocytes prior to heating should remove all 
traces of plasma and at all stages erythrocytes are 
handled with care, because of the increased fragility 
after heating. Care is also taken to prevent oxidation 
of the reducing agent, stannous chloride, used to fix 
the technetium label, and therefore fresh prepar- 
ations are used. This method usually provides 
satisfactory concentration of damaged cells in the 
spleen and there has been only minimal interference 
from activity in the liver or bloodstream. 

'The amount of tin used gives an immediate local 
blood concentration of approximately 0-5 pg/ml. 
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which is approximately twice the mean blood tin 
concentration. reported in normal human subjects 
(Hamilton, 1971). Toxic effects are often detectable 
in animals when the total body burden approaches 
350 mg./kg (Fischer, 1957). T'he amount transfused 
with the label is approximately 4x 10-8 of this 
amount, 


Semtipraphy 

Scintigraphy was commenced 20 minutes after 
reinjection of the labelled red cells using a Nuclear 
Chicago PHO Gamma III gamma-camera. Counts 
were acquired in the multichannel analyser memory 
of a Nuclear Data 50:50 data analysis system. This 
memory comprises a 64 x 64 array and counts were 
accumulated until the maximum channel content 
was approximately 1,000. The memory contents 
were then recorded on magnetic tape. With the 
patient in the supine position, anterior, posterior and 
lateral images of the spleen were obtained by rotating 
the camera. All calculations were carried out with the 
aid of a PDP 8/L computer interfaced with the 
multichannel analyser using for the most part, 
standard programs supplied by Nuclear Data. 





Calculations 

Computerized volume calculation, The computer 
calculation of volume described by Leach et al., 
(1975) was used. This method employs the 25 per 
cent count contour to define the "edge" of the organ 
on the scintigraph and is based on phantom and 
animal experiments, Uniform activity throughout 
the spleen is assumed and the total count within the 
25 per cent count contour is taken to reflect the total 
volume of the spleen (Clarke et al., 1972). The count 
in the analyser channel containing the maximum 
content 1s designated the "maximum count", The 
maximum count reflects the greatest thickness of the 
organ at right-angles to the plane of the scintigraph 
and this thickness can be measured from a second 
scintigraph at right-angles to the first. Because of the 
Po a and bed of the k within the 
died. to ascertain the true ptc and the views at 
right-angles employed to obtain the total count. 
Practical realities in positioning the patient have 
resulted in the anterior and posterior views being 
used to give the sum of the counts and the maximum 
count and the lateral view has been used to estimate 
the thickness. To minimize the effects of absorption 
the anterior and posterior counts are added to give 
both the sum counts and the maximum count. The 
area represented by a single channel in the analyser 
can be determined by reference to a standard line 
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source and is designated “unit matrix area". The 
"unit matrix area" and the thickness at the maximum 
count (in unit matrix lengths) allow the volume 
represented by the maximum count to be calculated. 
Dividing the maximum count by this calculated 
volume gives an estimate (in terms of counts) of a 
"unit matrix volume" of splenic tissue. The total 
splenic volumein matrix units is obtained by dividing 
the total count within the 25 per cent count contour 
by the count content of a unit matrix volume of 
splenic tissue (Fig. 1). This can be changed to metric 
units bv reference to the line source measurements. 
The weight is calculated by assuming the density of 
l g/ml. 

Alternative calculations used. Using the image within 
the 25 per cent count contour to give a reproducible 
"edge" to the scintigraph, other calculations were 
carried out similar to those of Larsen (1971). 

(1) Length of posterior image. 

(2) Area of posterior image. 

(3) Area of lateral image. 


Validation of method 

Less than 24 hours prior to splenectomy a scinti- 
graphic estimate of spleen size was carried out in 
nine patients. The spleen was removed as part of a 
cancer operation in four patients and for haemato- 
logical disorders in five patients. All the spleens 
removed were macroscopically normal with little 
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disturbance of splenic architecture. Spleens were 
weighed with a Sartorious balance immediately after 
excision and again 30 minutes and six hours later. 
At the moment of excision the spleen is engorged 
with blood and releasing clamps from the vascular 
pedicle causes the blood to flow out of the organ. 
Thus the weight of the spleen on removal is greater 
than at any time later. 


Statistical analvsis 

A Sumlock 340 “Statistician” was used for the 
statistical analysis incorporating standard programs 
for linear regression. The residual mean square and 
confidence limits were calculated from the variance 
about the linear regression. 
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Reduction in spleen weight after excision. 
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RESULTS 

Actual spleen weight 

Figure 2 illustrates the phenomenon of weight 
loss due to blood flow from the spleen after removal; 
weight is represented as a percentage of the weight six 
hours after removal. 'The proportion of initial spleen 
weight due to blood is variable and the spleen weight 
recorded after 30 minutes excludes the effect of this 
variable. The weights recorded at 30 minutes and 
later allow a more meaningful comparison between | 
the weight of actual splenic tissue and the scinti- 
graphic estimate. | 


Correlation of spleen weight with 
"computed volume" estimates 

Table I shows actual figures for spleen weight and 
scintigraphic estimate. 

Table II shows the linear regressions of actual 
weight against scintigraphic estimate using the 
immediate, 30 minutes and six-hour weights. The 
results show a better correlation coefficient with the 
exsanguinated weight of the spleen, 30 minutes and 
six hours after removal. The accuracy of the esti- 
mates are also better at 30 minutes and six hours 
when the residual mean squares and 95 per cent 
confidence limits are compared. A graphic rep- 
resentation of the results using the six-hour 
exsanguinated spleen weight is shown in Fig. 3. 

Comparison of the "computed volume" estimate 
with those used by Larsen et al. (1971) based on the 
25 per cent count contour to define objectively the 
edge of the spleen and the six-hour exsanguinated 
spleen weight are shown in Table III and show the - 
computed volume estimate to be superior. 
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Fig, 3. 
Correlation of scintigraphic estimate with spleen weight. 
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"TABLE JH 
CORRELATION OF ACTUAL SPLEEN WEIGHT WITH SCINTIGRAPHIC “COMPUTED VOLUME” ESTIMATE 
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COMPARISON OF NEW METHOD WITH THOSE OF LARSEN 
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DISCUSSION 


The spleen is made up of blood, lymphoid and 
reticulo-endothelial cells, plasma and connective 
tissue. À splenic scintigraph is an expression of the 
removal of labelled red cells from the blood by 
sinusoidal macrophages. These macrophages rep- 
resent the functional reticulo-endothelial tissue in 
the organ. T'he proportion of spleen weight due to 
blood is greatest immediately after excision and the 
flow of blood from the organ thereafter reduces the 
proportion due to blood and the remaining weight 
more nearly represents the weight of lymphoid and 
reticulo-endothelial elements. It is therefore not 
surprising that the computed volume estimate of 
spleen size correlates best with the exsanguinated 
weight of the spleen. Furthermore, it is unlikely that 
the weight at the moment of excision is the same as 
the zn vive "normal weight". 

in this study no patient suffered from portal 
Hypertension and none of the spleens would be 

go m vivo and shrinkage would not be 
expected during splenectomy. During splenectomy 
for unengorged spleens surgical manipulation can 
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produce kinking of veins and the technique of splen- 
ectomy often involves clamping of veins before 
arteries. These manoeuvres may contribute to en- 
gorgement of the spleen and it is not improbable 
that the immediate weight is greater than the 
"normal" weight zn vivo. Both these factors could 
provide an explanation why correlation with ex- 
sanguinated weight should be better, while under- 
standing at the same time that the in vivo "normal 
weight" probably lies somewhere between the 

“immediate” and "exsanguinated" weight. This may 
account for the observed differences in the slopes of 
the regression lines. 

Any recorded image of a radioactive source has an 
ill-defined margin which is further confused by 
respiratory movements in the living subject. Most 
accounts estimating spleen size from splenic images 
do not define which point in the obscure margin is 
taken to represent the edge of the organ. The “edge” 
can be drawn by hand (Holzbach et al., 1962; Rollo 
and Deland, 1970; Larsen et al., 1971) and most 
estimates of spleen size from radioisotopic images 
must be based on some interpolation of this sort but 
the method is not alwavs described (Fischer and 
Wolf, 1966). Accurate estimates of spleen size should 
be based on an objective reproducible method of 
defining the margin of the image. In this study we 
have used the 25 per cent count contour as the 
objective definition of the “edge” of the spleen. 

Using line-drawing of the splenic margin, Larsen 
et al. (1971) found that various calculations gave the 
mathematical correlations shown in Table IV. These 
results give accuracies comparable with our com- 
puted volume estimates. In our patients the results 
indus iE bd same Np d but 
SEN at six hours are shown in Table TIL The 
correlation coefficients for posterior area and length 
are inferior to those of Larsen and the accuracy as 
assessed by the residual mean square and 95 per cent 
confidence limits suggest that they are at best crude 
estimates. In contrast, the area of the lateral image 
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“ABLE V 


PUBLISHED CORRELATION OF ACTUAL WEIGHT WITH 
SCINTIGRAPHIC ESTIMATE 

















Source of Correlation 
Author spleens Index used coefficient 
Larsen et al} Splenectomies | Length 
14) posterior 
image 0-960 
Autopsies (3) | Posterior 
image area 0-941 
Lateral 
image area 0-968 


which has been advocated for some time as an index 
of splenic size (Holzbach et al., 1962; Fischer and 
Wolf, 1966) is confirmed as the most effective simple 
index. 

Nonetheless, in our hands, the computed volume 
estimate of spleen size provides the best correlation 
with spleen weight that has hitherto been described 
and gives the lowest confidence limits. This method 
provides an accurate means of estimating spleen size 
in patients with macroscopically normal spleens so 
that changes in spleen size in association with disease 
processes can be monitored. We are using this 
method to assess changes in spleen size in relation to 
human tumour growth in women with breast cancer. 
Furthermore, the principles involved in the method 
can be applied to other organs which can be demon- 
strated by isotopic scinitigraphy. 
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ABSTRACT 

To differentiate upper from lower-tract urinary infections, 
73 patients were imaged with ®7Ga citrate. Renal uptake of 
the radioisotope occurred in pyelonephritis (documented in 
47 patients by ureteral catheterization, bladder washout, or 
histology) with an accuracy of 86 per cent. There were 15 
per cent false-positives and 13 per cent false-negatives. 
"Ga may prove to be a clinically valuable test in the 
diagnosis of pyelonephritis. Results are promptly available 
24 hours after injection, and it is a non-invasive test that can 
safely be repeated to follow recurrent infections. 


Differentiation of upper from lower urinary-tract 
infection may present a clinical problem for thera- 
peutic and prognostic reasons (Reeves and Brumfitt, 
1968). Ureteral catheterization as described by 
Stamey, Govan and Palmer (1965) or bladder- 
washout as reported by Fairley et al. (1967) are re- 
liable, but relatively invasive procedures which 
cannot be routinely applied to all groups studied, 
ega asymptomatic bacteriuria. Thomas, Shelokov 
and Forland (1974) have recently developed an 
immunofluorescence test for antibody-coated bac- 
teria in urinary sediment. Using bladder-washout, 
Jones, Smith and Sanford (1974) have confirmed the 
promise of this new test in differentiating cystitis 
from pyelonephritis. 

“Ga imaging of the kidneys (Kessler et al., 1974) 
provides a non-invasive method of localization of 
infection. In this report we document the validity 
of this technique by describing the correlation of 
the gallium scan results with direct, more established 
and invasive methods of localization in patients sus- 
pected of having pyelonephritis. 


METHOD 
Seventy-three patients with acute or chronic 
pyüria were studied, their ages ranging from 15 
months to 85 years. All had urine cultures (Table I), 
cally and therapeutically indicated, ureteral cathe- 
terization and bladder-washout tests were performed. 
“Ga citrate. 50 uCi/kg, was injected intraven- 
ously in all patients 24 hours prior to imaging. 
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*Heprints to Nuclear Medicine Service (172), Veterans 
Administration Hospital, San Diego, California 92161. 


Scintillation-camera images of the posterior abdo- 
men were obtained using a Pho- Gamma HP camera 
fitted with a medium energy diverging collimator. 
The 184 keV photopeak of 67Ga was selected with a 
20 per cent window. 

The posterior projection was chosen to allow 
better visualization of the kidneys. Occasionally, 
large bowel activity was seen, but the typical con- 
hguration of the colon activity did not interfere with 
identification of the kidneys. 

Normal 9?Ga uptake by the bony skeleton was 
used to correctly position the patient for all studies: 
sacro-iliac Joints at the inferior margin of the image, 
liver and spleen at the upper margin, and the lum- 
bar spine in the mid-line (Fig. 1). Using these 
landmarks, renal uptake was usually easily defined, 
but Tem. DTPA was occasionally administered to 
localize the kidneys in difficult cases (Fig. 2). 


RESULTS 

Of the 73 patients studied, 47 were 9?Ga-positive 
(one or both kidneys visualized) and 26 were 
97Ga-negative. Examples of both a negative and a 
positive study are shown in Fig. 1. All patients 
had urine cultures and Table I demonstrates the 
wider spectrum of organisms recovered in the 
97 3a-positive group. 

Forty-nine patients had sufficient conventional 
testing that a diagnosis of pyelonephritis could be 
confidently made or excluded. Specially, a definite 
positive diagnosis was made on the basis of a positive 
bladder-washout, positive ureteral catheterization or 
histologic changes of acute pyelonephritis. A classic 
clinical syndrome of fever greater than 102°F, 
flank pain and pyuria was also considered diagnostic of 
pyelonephritis. Histologic examination was available 
for confirmation in six cases. Absence of upper- 
tract disease was confirmed by either a negative orig- 
inal clean catch urine culture, a negative ureteral 
culture, or a negative bladder-washout test. These 
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TABLE I 
URINARY ORGANISMS CULTURED IN ALL 73 PATIENTS STUDIED* 







Positive Negative 
97(3a scans 5$7(3a scans 


——— EE 


Organism 









No organism 
E. colt 1 
Klebsiella 
Pseudomonas a. 
Candida sp. 
Proteus sp. 
Streptococcus 
Serratia marscens 
M. tuberculosis 
Enterococcus 
Aspergillus 
fumagatis 1 


Total 


m 
Len! 


pre pete BD E QN COM ur OO 


*Greater than 10? colonies/ml. 
tAnother five patients had FE. coli cultured in addition to 
other organisms. 


criteria were necessary to differentiate a cystitis 
from a true upper-tract infection. 
Table II shows the detailed correlation between 


67Ga scan and conventional tests in this sub-set of | 


49 patients. There were 15 per cent false-positives 
and 13 per cent false-negatives. 

Occasionally, the ureters or bladder were visual- 
ized on 9?Ga scanning, suggesting ureteral infection 
or cystitis. In a few patients, focal pyelonephritis 
was manifest on the scan as a focal lesion. More 
often, the entire kidney was visualized with a uni- 
form distribution of radioactivity. 

Blood and soft-tissue background of 6*Ga activity 
obscured the renal areas at 24 hours in only one- 
third of the cases studied, and a repeat view at 48 
hours was usually superior. In only a few instances 
the high level of bowel activity necessitated cleans- 
ing enemas to improve scan quality. 


DISCUSSION 
97(33 citrate was originally introduced as a 


tumour-scanning agent, and now serves an IM- | 


portant role in staging neoplasms (Edwards and 
Hayes, 1970; Littenberg et al., 1973a). Examples of 
uptake by inflammatory lesions have also been re- 
ported (Larson, Milder and Johnson, 1973; Higasi 
et al., 1972). In a series of septic patients, scans 
performed at 24, rather than after the usual 72-96 
hours, demonstrated 9'Ga concentration in suppu- 
rative lesions, including infected kidneys (Littenberg 
et al., 1973b). Unlike the delayed images (at least 
72 hours after injection) recommended for tumour 
surveys, imaging for pyelonephritis can be done 


TABLE Il 
576A SCANS IN 49 PROVEN CASES CORRELATED WITH OTHER 
| — PROCEDURES 


Negative Va. 
scans (23 cedi 
Examination - 
results 


Positive 97?Ga 
scans (26 cases) 
Examination 
results 
















Examination 


ipamana T ane erret rien uma rernm remeras rrr mn reme in remi erede tie 





Fairley test 
Ureteral culture 
Renal biopsy/ 
culture 

Urine culture 
(clean catch) 
Clinical 
syndrome of 
acute 
pyelonephritis 





J 


Total cases 
 (False- | (False- | © 
positive) positive) ME negat 


NA: Not applicable; BATE to apadi site of irifec ion. 
* Positive’ — Test compatible with upper-tract infection. 


at 24 hours, providing prompt and clinically useful 
information. 

The results of the present study suggest that renal 
imaging with carrier-free 97Ga citrate may be a 
helpful test in the work-up of patients with suspec- 
ted pyelonephritis. It is a non-invasive procedure, 
and overall accuracy is 86 per cent. Radiation dose 
estimates are acceptably low: 0-41 rad/mCi to the 
kidneys and 0-26 rad/mCi to the whole body 
(MIRD Report No. 2, 1973). 

Many of the cases reviewed in this study simply con- 
firmed what was obvious by other tests. 97Ga proved 
most helpful, however, in patients who were allergic 
to iodinated contrast material, who refused invasive 
studies, or who had urinary diversion procedures 
(Fig. 3). | 

In those patients with positive renal uptake who 
were re-studied, gallium scans became normal or 
improved after two or more weeks of antibiotic 
therapy. Patients who presented with recurrent py- 
elonephritis showed reversion to positive 8* Ga scans. 
The data suggest that ®7Ga scans may well supple- 
ment the long-term follow-up of upper-tract in- 
fections. A normal scan. might abbreviate work-up of 
persistent bacteriuria. 

Many false-positive results can be eliminated by 
considering all factors which can contribute to a 
false-positive scan. To distinguish extra-renal 
from renal uptake, a renal scanning agent can be 
injected, and the patient imaged in the same position 
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Ga CITRATE SCAN 


E M 


ABNORMAL 





Fic. 1 


he left, a normal posterior camera image with ®7Ga at 24 hours. The patient is a 28-vear-old woman with a positive 
h urine culture, but a normal bladder-washout. On the right, a 30-vear-old quadriplegic man with a positive 
reteral culture, Both kidneys are intensely labelled with 9?Ga; normal liver uptake is seen at the right upper margin. 





Fic. 2 
r] |-year-old man has : inoma of the bladder and pyuria The **Gaàa images shows mild bilateral renal uptake (arrows) 
[n t entre scintiphoto, ibsequent image with ""Tc"-D'TPA verifies the renal location. At the right is the intra- 
venous urogram 
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67 


Ga CITRATE SCAN 


Fic. 





3 


This 65-year-old man had a previous Bricker procedure as demonstrated on the urogram at right. Loop cultures were 
positive for Klebsiella, and the **Ga image shows bilateral uptake (arrows) 


as for the gallium scan. Repeated enemas can be 
administered, if necessary, to diminish background 
bowel activity. At some stages of pyelonephritis, 
cultures may be negative (so-called “‘abacterial py- 
elonephritis" Aoki et al., 1969), 
may incorrectly conclude that the 


and the physician 


documented 


scan 1s 
falsely positive. Other reports have 
67Ga 
renal tumours, retroperitoneal abscesses, and other 
inflammatory processes (Littenberg et al., 1973b; 
Blair et al., 1974; Gelrud et al., 1974). These should 


relevant in evalu- 


concentration in recent surgical wounds, 


be kept in mind when clinically 
ating a scan for the purposes of screening for py- 
elonephritis. 

Additional 


needed before the ®7Ga scan can be accepted as a 


studies to confirm this work are 
routine clinical study for the evaluation of urinary- 
tract infections. 9?Ga is approved for general use, 
however, and cameras or scanners are generally 
available in hospital practices 

Animal experimentation is currently in progress 
results. 
[Initial that 


50 uCi/kg of 9?Ga is an ideal injection dose. Above 


at our institution to test these patient 


studies in rats and rabbits suggest 


this level in small animals even normal kidneys 
may be faintly visualized. A variable fraction of the 
injection 9?Ga is normally excreted by the kidneys, 
but no renal visualization is apparent on the scan in 
the absence of tumour or infection at this recom- 
mended dose (Kessler et al., 1974). 

There are four methods of localizing urinary-tract 
infection that now show reliability when compared 
to each other. Ureteral catheterization and bladder- 
washout are direct tests. Two centres have so fat 
detected antibody-coated bacteria in the urinary 
sediment. This may prove a helpful screen, but like 
bladder-washout, discriminates only from 
67(5a 


graphic test that, like ureteral catheterization, 1s 


upper 


lower-tract disease. imaging offers a more 


specific for the infected kidney. Of all four tests, 


only 9?Ga is feasible in patients with urinary diver- 


sion procedures (e.p. ureterosigmoidostomy ) 
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Elements of Radiation Protection. By R. V. Scheele and J. 
Waklev, pp. ix 99, illus, 1975 (Springfield, Illinois, 
Charles C. Thomas), $7.95. 

This book is largely derived from lecture courses given by 
the authors to radiology residents and student X-ray tech- 
nologists in the United States. The aim has been to explain 
the principles underlying radiation protection measures 
using only such physics and mathematics as is essential. 

There are 85 pages of text and two appendices: one on 
units, and one quoting extracts from American Federal 
regulations on protection. A useful list of references for 
more detailed information is also given. 

The first three-quarters of the book deals with the 
elementary physical principles underlying the production 
of radiation and its interaction with matter, and goes on to 
deal with the biological effects of radiation. The units in 
which radiation and absorbed energy are measured are ex- 
plained, and permissible dose limits are described. The 
principles of radiation protection and radiation monitoring 
devices are covered briefly but adequately. The last quarter 
of the book is more relevant to American readers than those 
in the U.K. Three chapters are used to describe recom- 
mendations for the use of X-ray equipment and the reduc- 
tran of exposure to patient and operator. Most of this in- 
formation is of course relevant in the U.K., and would be 
useful to a student radiographer. 

The production is remarkably free from misprints, but 
equation 16 is misleading as printed. It is also misleading 
on page 87 to give the dimensions in which the réntgen is 
measured both correctly, and as those of kerma in air. The 
occasional use of a comma in place of a semi-colon is noted. 

The book can be recommended to those requiring a sur- 
vey of the elements of radiation protection at an introductory 
level. The quality of the binding should be improved in any 
future editions. 


N. W. RAMSEY. 
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Short-lived Radioactive Gases for Clinical Use. By J]. C. 
Clark and P. D. Buckingham, pp. xii +353, 1975 (London, 
Butterworth), £9°50. 

This excellent monograph sets out in a clear and orderly 
format the detailed technology for producing gaseous 
radionuclides suitable for pulmonary function and other 
clinical work. Inevitably it is a specialist's book, since 
most doctors and physicists using radioactive gases are more 
concerned with the clinical aspects of the subject than with 
details of manufacture, yield, and design of processing 
systems for radiopharmaceuticals. Furthermore a large 
proportion of the book is devoted to the really “short-lived” 
gases, Na, 1950s, NCO and "COs, which are of only aca- 
demic interest to those not in close proximity to a cyclotron. 
The authors devote little space to 133Xe, presumably be- 
cause its technology is well known, but do give useful sec- 
tions on !?7Xe and !3?X e, and the radionuclides of krvpton, 
of which *! Kr" has been shown to be of promise for regional 
ventilation studies. A section on dispensing and clinical 
facilities brings the subject closer to the hospital department, 
but if a multiprobe detector system is to be described in 
such detail, is not a scintillation camera worthy of mention 
also? For such a specialist book it seems unnecessary to fill 
even a small chapter with the elements of nuclear physics, 
but this happens too often in books concerned primarily 
with the application of radioactive substances to medicine. 

With its attention to detail, clear illustrations, and inclu- 
sion of useful appendices on mathematical analysis this 
book is of direct benefit to those working in a cyclotron unit 
dedicated to clinical investigation. 'T'o those of us less for- 
tunate it provides a comprehensive background to the 
subject, and leads to a better understanding of the problems 
of supplving hospitals with clinical radioactive gases. 

D. M. AcKERY. 
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ABSTRACT 
The effect of 70 MeV m mesons was studied to deter- 
mine the effectiveness of such beams against normal tissues 
in vivo. The end points included thymic weight loss, oocyte 
and bone marrow CFU-S survival and the induction of 


macroscopic lens opacities. The results indicate that m 
mesons are not significantly more effective for these end- 
points than more conventional radiation sources such as 
80Co y rays, 220 kVp X rays, and 14 MeV X rays and 
electrons. Nor was there any detectable difference in RBE 
between the peak and plateau regions of the 7^ meson beam. 
The significance of these findings is discussed in relation to 
the published m- meson RBE values of between 1-4 and 5-0. 


therapeutic use of negative z- mesons and prelimin- 
ary physical experiments were performed by Rich- 
man et al. (1966). Recent advances have made avail- 
able beams of biologically significant intensity and 
momentum spread and a number of zn vitro biolo- 
gical experiments have been performed which have 
been reviewed by Raju (1974). A 70 MeV 7^ meson 
beam at the Rutherford High Energy Laboratory, 
England (Perry and Hynes, 1971), which delivers 
up to 150 rad h-! has been used in some recent 2n 
vivo studies in mice. These have included thymus 
weight loss, oocyte survival, bone marrow CFU-5 
survival and the induction of macroscopic lens 
opacities. 


MATERIALS AND METHODS 

The details of the 7 meson beam and its dosi- 
metry are given in the accompanying paper by 
Mill, Lewis and Hall (1975). Before all mouse ir- 
radiations a depth-dose curve was determined and 
the position of the peak scanned in both the vertical 
and horizontal planes to facilitate the positioning of 
the mice. The 80 per cent isodose curve at the peak 
covers a volume of ~2 cm? which allowed only 
partial body irradiations in mice. All the mice 
used were Bts/SAS/4 strain random bred from a 
closed colony. 


Lens opacities 

To study the induction of lens opacities, one-day 
old male and female mice were given irradiation to 
the head alone: eight mice were irradiated per ex- 
posure, four in the peak region simultaneously with 


four in the plateau of.the beam. The mice were re- 
strained in ventilated Perspex containers and so 
arranged that their heads were within a volume of 
2 cm3, The containers were placed in a 10 x 105 18 
cm? Perspex phantom at the depth required for 
peak or plateau irradiation. Two hundred and fif- 
teen day-old mice were given a range of peak and 
plateau doses between 40 and 200 rad and com- . 
pared with 152 sham-irradiated controls. Following. 
irradiation the mice were weighed and examined for 
macroscopic lens opacities by two independent ob- 
servers at monthly intervals. 


Thymus irradiations 

Two and a half week old male and female mice 
were irradiated using the same procedure as above, 
with the beam centred on their thymuses. Two mice 
in the peak were irradiated simultaneously with two 
in the plateau. The mice were killed 48 hours after 
irradiation, and their thymus glands dissected out 
and weighed fresh. Thymic weight loss was calcu- 
lated as relative thymus weight (mg/100 g body- 
weight) expressed as percentage change from the 
relative weight of sham-irradiated control mice. 
Young rodents have an incompletely developed 
pituitary-adrenal stress response (Jailer, 1950), 
and young mice only begin to exhibit a plasma corti- 
costerone response to stress after 16 days of age 
(Kakihana, Blum and Kessler, 1974). The thymic 
involution measured here is therefore essentially 
a radiation-induced rather than a systemic stress 
effect, despite the relatively long duration of the 
irradiation procedures. Sham irradiated mouse thy- 
mus weights were within 2-3 per cent of those of 
non-irradiated litter mates left with the mother. 


Ovary irradiations 

Two and a half week old mice were irradiated as 
for the thymus, but with the beam centred on the 
ovaries, which 48 hours later were removed, fixed 
and serially sectioned at 5 um and scored for small 
oocyte-stages. 


Bone marrow irradtations 
Femoral marrow from 12 5A5/4 donors was 
pooled and suspended in Eagle’s minimum essential 
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medium at a concentration of 5 x 108 nucleated cells 
in 2x2x0-5 cm? Perspex irradiation chambers. 
Such cell suspensions were placed at various posi- 
tions in the depth-dose curve and irradiated at 1 
rad minute-!. Similar irradiations were done for 
comparison using 89Co y rays at 1 rad minute-!. 
During the extended irradiation times the cells 
were agitated at 30-minute intervals to resuspend 
and oxygenate them. The efficiency of this oxygena- 
tion was checked using the Os cathode method 
(Davies, 1973). Previous experiments had shown 
that the unavoidable insults involved in centrifuga- 
tion and resuspension of the concentrated cells, the 
frequent agitation and a temperature of 25°C 
throughout lasting up to four hours did not affect 
the viability of the colony forming cells. However, 
these procedures and the low dose-rate did severely 
limit the total dose it was possible to give. Recipient 
mice were given 1,100 rad 99Co y rays at 18 rad 
minute-! and 24 hours later they were injected intra- 
venously with known numbers of irradiated cells, 
Thirty-two recipients were used per dose group and 
ten days after irradiation and transplantation they 
were killed and their spleens placed in Bouin's 
solution to facilitate the scoring of spleen colonies 
(Till and McCulloch, 1961). Such colonies are 
produced by spleen colony forming cells (CFU-S) 
which are believed to be haemopoietic stem cells. 





Reference curves 
To assess the effectiveness of «^ mesons for these 
endpoints a number of comparative irradiations were 





CONTROL 


Sa 


a &o 100 150 
DOSE (RAD) 


Fic. 1. 


Phymic weight in two-and-a-half week old Bts/SAS/4 mice 
as a percentage of sham-irradiated controls and as a function 
of dose for peak and plateau «7 mesons and other radiation 

sources, Average of eight mice per point. 
| peak 77 mesons. 
@ plateau s mesons. 
coss 1 MeV X. rays 400 rad/minute-!. 
~~ ~ —14 MeV electrons 400 rad/second-1. 
M 220 kKVp X rays 12-5 rad/hour-!. 
mco 220 kVp X rays 800 rad/hour-!, 








performed using 89Co y rays, 14 MeV electrons and 
X rays, 14 MeV neutrons and 220 kVp X rays, and 
regression lines fitted to the data are used as refer- 
ence curves, 


RESULTS 
Figure 1 shows thymic weight loss as a percentage 


of controls in two and a half week old mice follow- 
ing 7- mesons and a variety of other radiations. The 
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Fic. 2. 


Small oocyte survival in two-and-a-half week old Bts/SAS/4 
mice. 
A. peak 77 mesons. 
@ plateau 7 mesons. 
@ 14 MeV neutrons. 
~= fitted line to 14 MeV electron and 
X ray data, 
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dose-rate for the peak and plateau points at less than 
50 rad was 10—12-5 rad hour-! while that for 50-100 
rad points was 100 rad hour-!. The data show that 
there is no biological difference between irradiation 
in the plateau and peak regions of the z^ meson 
beam, and no difference between the response to 77 
mesons and to the reference radiations although 7 
mesons seem to be slightly more effective (RBE 
circa 1:3) than low dose-rate X rays. 

Figure 2 shows the response of small oocytes in 
two and a half week old mice for a variety of radia- 
tions and once again there seems to be no difference 
between response in the peak and plateau regions of 
the m- meson beam and an RBE of 1 for m mesons 
compared to the reference radiations. 

In Fig. 3, the dashed lines show the 95 per cent 
confidence limits of a full survival curve for CFU-5 
for two-year-old Bts/SAS/4 donors irradiated at 
400 rad second! with 14 MeV electrons which has 
a Dg—119--3-6 rad and n=0-9--0-1 (Proukakis, 
Coggle and Lindop, 1969). Using mice of the same 
age the 7~ meson CFU-S points are not significantly 
displaced from these limits. Also in Fig. 3 the 
dotted lines show the 95 per cent confidence limits 
of a survival curve for 30-week-old Bts/SAS/4 
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of a full CFU-S survival curve for two-year-old Bts/SAS/4 
mice. A^ meson points; Plow-dose rate "Co y ray points. 
Similarly the ......... lines show 95 per cent confidence 
limits of a CFU-S survival curve for 30-week old Bts/SAS/4 


mice for 14 MeV electrons, Do--126--6 rad and 
n—1:4-4-0-3 (Proukakis et al., 1969). The three a 
meson points are the CFU-S survival of marrow 
samples placed in the plateau, peak and behind the 
peak—4-8 cm, 14-6 cm and 16:1 cm in the Perspex 
phantom respectively. The three samples were ir- 
radiated simultaneously and the data show no detec- 
table differences in the relative biological effective- 
ness of peak/plateau 7^ mesons, 

Figure 4 shows the rate of appearance of macro- 
scopic lens opacities in SAS/4 mice given irradiation 
at a day old to the head alone. The first discernible 
opacities appeared in a few mice as early as two 
months after radiation, but the majority did not 
appear until four to five months post-irradiation. No 
distinction is made in Fig. 4 between mice with 
unilateral opacities and those having bilateral opaci- 
ties since the appearance of an opacity in one eye 
was quickly followed in 80-90 per cent of mice by a 
similar opacity in the opposite eye. Figure 4 also 
shows that the incidence of opacities remained very 
stable between 6 and 12 months post-irradiation. 
The majority of the opacities scored were minute i 
and chalky white and even 12 months post irradia~ 
tion more than 80 per cent of them remained small, 
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Rate of appearance of macroscopic lens opacities in day-old 
mice given head-only irradiation with «^ mesons (upper 
graph) and 99Co y rays (lower graph) at 1 rad minute !, 
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only 19 per cent having enlarged to become gross 
opacities occupying more than 50 per cent of the 
lens. 

Figure 5 shows the per cent of mice with opacities 
12 months post-irradiation as a function of dose and 
shows that the relationship i8 approximately linear. 
In previous work using day old mice given 14 MeV 
. rays at 400 rad minute! only gross opacities 
were scored involving > 50 per cent of the lens and 
in Fig. 6 these data are plotted together with data 
for gross opacities induced by z- mesons and 200 
rads Co y rays. 





Discussion 

In the past few years significant advances have 
been made in the study of the biological effect of 
x” mesons. The endpoints studied have included 
cell survival im citro in a number of mammalian 
cell lines, the induction of polyploidy and chromo- 
some aberrations, the inhibition of growth in ascites 
tumours and Viera faba root tips, ee 
and lymphocyte survival and arginine reversal i 
yeast (Raju and Richman, 1972). The RBE a 
for peak w mesons for these endpoints range from 
1-4-5-0. 

However, the conclusion to be drawn from the 
results given in this study of four in vivo endpoints 
in mice is that z^ mesons are not significantly more 
effective than conventional radiation sources. Nor is 
there any detectable difference in biological effect 
between peak and plateau radiation. This conclu- 
sion, which is at variance with much of the litera- 
ture, must be qualified. First, it needs to be stressed 
that the severe limitations of field size, total dose and 
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available beam time forced us to study extremely 
sensitive endpoints—which in the case of oocyte, 
thymocyte and CFU-S survival are probably single 
event phenomena and therefore insensitive to dose- 
rate and LET effects. Second, much of the data in 
the literature derives from experiments done with 
nearly monoenergetic z- meson (momentum spread 
7-5 per cent) beams at Berkeley and CERN which 
have large LE'T differences between peak and pla- 
teau, whereas the Rutherford z- beam has a momen- 
tum of spread of —13 per cent. It has not proved 
possible to detect a peak to plateau difference for 
in vivo endpoints, although such differences are de- 
tectable in cell culture systems in our laboratory 
(Mill et al, 1975) and others (Nias et al., 1974) and 
for Vicia faba root growth (Winston, Berry and 
Perry, 1973), and for chromosome aberrations in 
human lymphocyte cultures (Lloyd, Purrot and 
Dolphin, 1974; Lloyd et aL, 1974). The in vivo 
results given here indicate that RBE values for 
therapeutically useful beams of 7 mesons may not 
be large and that the significant peak:plateau 
ratios obtained with nearly monoenergetic 7 mesons 
are unobtainable zm vivo with beams of larger mo- 
mentum spread. Nevertheless, much more needs 
to be known about the physical composition of z- 
mesons and their biological effects in vivo, before a 
final judgement can be made upon their possible 
therapeutic use. 


ACKNOWLEDGMENTS 
The authors wish to acknowledge the help given by the 
staff of the Rutherford Laboratory, especially Dr. D. H. 
Reading and Mr. M. A. Hynes. T he work was also suppor- 
ted by a grant from the Cancer Research Campaign. 


* MICE WITH LENS OPACITIES 
o 8 





o 


400 


300 


200 
DOSE (RAD) 

Fic. 6, 
Percentage of mice with gross lens opacities 12 months after 


radiation with 14 MeV electrons at 400 rad second! (9), 
7- mesons (@), and Co y rays (C) at 1 rad minute- 


164 


FEBRUARY 1976 


Some in vivo effects of =~ mesons in mice 


REFERENCES 

Davies, R. W., 1973. Oxygen concentration and radiation 
response: studies in mammalian normal and tumour 
tissues. Ph.D. Thesis, University of London. 

Fow er, P. H., and Perkins, D. H., 1961. The possibility 
of therapeutic applications of beams of negative pi-mesons. 
Nature (London), 189, 524—528. 

JaiLer, J. W., 1950. The maturation of the pituitary adrenal 
axis in the newborn rat. Endocrinology, 46, 420—425. 

KakIHANA, R., BLuM, S., and KERSLER, S., 1974. Develop- 
mental study of pituitary adrenocortical response in mice: 
plasma and brain corticosterone determination after his- 
tamine stress. Journal of Endocrinology, 60, 353-358. 

LLovp, D. C., Purrotr, R. J., and DOLPHIN, G. W., 1974. 
Chromosome aberrations produced in human lymphocytes 
by a 70 MeV negative pi-meson beam. Radiation Research, 
59, 206 (abstract). 

Luoyp, D. C., Punnorr, R. J, DOLPHIN, G. W., and 
Reapinc, D. H., 1974. An investigation of the charac- 
teristics of a negative pion beam by means of induced 
chromosome aberrations in human peripheral blood lym- 
phocytes. Rutherford Laboratory publication -74—150 
(pre-print). 

Mit, A. J., Lewis, J. D., and Hari, W. S., 1976. Response 
of HeLa cells to irradiation with a mesons. British 
Journal of Radiology, 49, 166—171. 

Nias, A. H. W., Greene, D., Mayor, D., PERRY, D. R., and 


Book reviews 


Radiation Science at the National Physical Laboratory, 
1912-1955. By E. E. Smith, pp. 114 (16 illus.), 1975 
(London, Her Majesty's Stationery Office), £500. 

It all began officially in 1912 when the new British 
National Radium Standard, prepared in Vienna and 
checked and polished by Madame Curie herself, was de- 
posited at the National Physical Laboratory in Teddington. 
Or perhaps we should look to an earlier date, the beginning 
of 1906, when the Róntgen Society held a meeting to con- 
sider the need for a radioactive standard to act as a basis for 
X-ray dosimetry. From these beginnings to the present 
day, the National Physical Laboratory has been closelv 
associated with the progress and development of radiology 
in this country, and with the Institute itself. 

Eric Smith, who spent many years on the staff of the 
Laboratory, has delved deeply into the archives to compile 
a detailed history of the contributions of the National 
Physical Laboratory to developments in radiation science. 
The main fields covered are, of course, radiation measure- 
ment and standardization, and radiation protection but 
there is much on the early development of radiography and 
X-ray crystallography. There is also a bonus of wartime 
stories and pictures of the antics of E. E. Smith, W, Binks 
and others, radiographing enemy parachute mines in con- 
ditions which look extremely dangerous. 

'l'o someone like the present reviewer, who has spent the 
greater part of a lifetime in the field, this review inevitably 
evokes a high level of nostalgia. The excitement of radia- 
tion measurement with a gold-leaf electroscope or similar 
device has been overwhelmed in the sophistication of mod- 
ern measuring apparatus. 

Names of physicists prominent in British Institute of 
Radiology affairs crop up frequently in this history. G. W. 
C. Kaye is almost a legendary figure in both National 
Physical Laboratory and British Institute of Radiology and 
we are reminded that such distinguished hospital physicists 
as T. A. Chalmers, D. E. A. Jones, J. R. Clarkson, H. F. 
Cook and Joan McAllister served their apprenticeship at 
Teddington. If the history could have been brought up to 
date, we would have seen the reverse process of hospital 
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physicists such as Jennings, Kemp and Burns returning to 
staff the present-day Division of Radiation Science. 

With all respect to a fellow physicist, the literary style of 
this book is rather pedestrian, but this is perhaps inevitable ` 
when so much history must be crammed into so few pages. 
Nevertheless, it is a history which needed to be written, and 
in these days of highly sophisticated radiation technology, 
Mr. Smith has performed a valuable service in recording 
how it all began. 

J. E. ROBERTS. 


Wertigkeit Radiologischer Methoden Niere-Leber-Pankreas. 
Edited by A. Breit, pp. 122, 1975 (Stuttgart, Georg Thieme) 
DM 39-80. 

A paperback entirely in German, the composite effort of 
17, mostly university departments of radiology, in Germany 
and Austria, stimulated by a joint congress held in Vienna 
in 1973. 'The intention has been to compare the level of 
diagnostic information obtainable from more recent X-ray, 
isotope and ultrasonic methods with other more established 
forms of investigation in order to determine, for a number 
of clinical situations, the diagnostically most fruitful 
methods and their optimum sequence of application. 

By far the greater part of the text deals with the diagnosis 

of renal disease. This is an entirely retrospective group of 
studies based on a large patient material but fragmented by 
many variables of examination technique. Ultrasonography 
does not yet occupy a sufficiently important place. Findings 
are critically evaluated and brought together in two useful 
chapters written by a renal physician and by a urologist. 
. The part concerning the liver and pancreas comprises 
an article on angiography in liver disease; the same authors 
also discuss the angiography of pancreatic disorders, 
very briefly and without comparative evaluation. 

About 200 references are contained in the bibliography. 
There are numerous tables, no illustrations. 

H. HERLINGER. 
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ABSTRACT 

HeLa cell suspensions were irradiated at various depths 
of Perspex in a beam of 70 MeV a~ mesons. The dose-rate in 
the Bragg peak varied between 40 rad hour-! and 150 rad 
hour, The cells were assayed zn vitro for loss of reproduc- 
tive integrity, 

The results for irradiation in the peak indicated an RBE 
of about 2-1 when compared to the response obtained usi ng 
Co y-rays at comparable dose-rates. At dose-rates of 
100—150 rad hour-!, the RBE peak-to-plateau was about 1 4, 
whist at lower dose-rates, the RBE peak-to-plateau was 
about 1, 


Since 1961, when Fowler and Perkins first published 
calculations showing the advantages of m- mesons 
for radiotherapy, there has been much interest in 
using these particles for radiobiological experiments. 
The depth-dose curve for a a meson beam is char- 
acterized by a plateau region followed by a rise to a 
peak region, after which it falls off sharply to a very 
low value. As the dose in the peak region is due 
partly to nuclear fragments produced by the 
capture of stopped z- mesons, it is expected that the 
relative biological effectiveness (RBE) in this region 
would be high compared to the plateau region and 
to conventional radiations. 

Due to the small number of 7 meson sources 
available, and also their very low dose-rates, there 
have so far been few biological investigations using 
mammalian cells. A a> meson beam for radiobiolo- 
gical research is available in England at the Ruther- 
ford High Energy Laboratory (Perry and Hynes, 
1971). This is a fairly low intensity beam designed 
to concentrate particles over an area of approxi- 
mately 2x2 cm?. The dose-rate available in the 
peak at the commencement of these experiments 
was about 40-60 rad hour-i, but has since risen to 
160 rad hour-!. In order to investigate the biological 
effectiveness of this beam, we have used HeLa cell 
suspensions which, following exposure to radiation, 
have been scored, im vitro, for loss of reproductive 
integrity. 


THE BEAM 
The z- meson beam is produced by bombarding 
a target with 7 GeV protons extracted from a proton 
synchrotron, The number of z- mesons produced 


Medical College of St. Bartholomew's Hospital, 


depends on the size and composition of the target, 
as well as on the number of protons extracted. For 
the early experiments we used a 10 cm. long copper 
target. With the maximum proton beam this pro- 
duced a dose-rate of 60 rad hour-! in the peak. More 
recently we have used a 10 cm long tungsten target, 
and this, together with an upgrading in the synchro- 
tron, has increased the dose-rate to a maximum of 


focused using a beam line consisting of five quad- 
rupoles and one bending magnet (Perry and Hynes, 
1971). Particles of momenta up to 220 MeV/c can be 
transported. The momentum spread was 13 per cent 
at full width, half maximum. For these experiments 
70 MeV a mesons were used producing a peak 
ionization at a depth of 14-15 cm in Perspex (den- 
sity==1-19 g cm^?) with a peak-to-plateau ionization 
ratio of approximately 1-4:1. The main contami- 
nants in the beam are u^ mesons and high-energy 
electrons. M- mesons are produced by z- meson de- 
cay in flight with a mean life-time of 1-6: 10-8 
seconds, and their numbers are minimized by using 
a short beam line. Electrons are mainly produced by 
n” meson decays to y rays which will occur in the 
target, and the subsequent pair production and 
electron cascades. The number of electrons is less 
than 20 per cent of the total number of particles and 
is minimized by the use of a narrow target. In the 
peak region the contribution to the dose by the 
electrons and ~~ mesons was less than 5 per cent 
each. Neutron contamination contributed less than 
| per cent to the dose. A more detailed description 
of the physical characteristics of this beam can be 
found in Reading (1975). 


DOSIMETRY 

The cells were irradiated in a Perspex phantom of 
cross-sectional area 20 x 20 cm?. 'The phantom con- 
sisted of a number of Perspex sheets, 0-6 cm thick, 
any of which could be replaced by similar sheets 
designed to hold ionization chambers for dosimetry, 
or to hold cell suspensions. Prior to irradiation of 
the cells, the beam was scanned both horizontally 
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and vertically using a 0-6 cm? ionization chamber. 
This made it possible to find the central position of 
the beam and enabled accurate positioning of the 
phantom. The dose-rate was within 10 per cent over 
an area approximately 1-7 1:8 cm?. A depth-dose 
curve was determined by moving a thimble chamber 
through the phantom and taking ratios of its read- 
ing to that of a transmission chamber situated at the 
beam exit port. 

Corresponding depth-dose curves for copper and 
tungsten targets are shown in Fig. 1. The peak-to- 
plateau ratio using the copper target (Fig. 14) was 
1-51:1 with the peak dose-rate at a depth of 14-7 
cm in Perspex. Using the tungsten target (Fig. 1B) 
the peak-to-plateau ratio was 1:36:1 with the peak 
at a depth of 14 cm. These values refer to measure- 
ments taken in a solid Perspex phantom. The possible 
perturbing effect of introducing cell suspensions 
into the phantom was measured by checking ioni- 
zation readings at several depths with the suspen- 
sions in position. The results of these measurements 
are also shown in Fig. 1. They indicate no signifi- 
cant alteration in the structure of the peak. 

The cell suspensions were irradiated at various 
depths in the phantom in containers measuring 
2-0 1-9 cm? in cross-section, and 0-5 cm deep. 
The cells were thus contained within the 80 per cent 
isodose area. The exposures were monitored by a 
0-6 cm? ion chamber placed at a depth of 1-91 cm in 
the phantom. A $9Co-y calibration was used to 
estimate the doses, which were corrected for the 
depth at which the cells were irradiated. 


CELL CULTURE AND EXPERIMENTAL PROCEDURE 

The cell line used for these experiments was 
derived from a sub clone of the HeLa 5-3/Oxf line 
and was grown in Eagles Minimum Essential Me- 
dium plus 28 per cent calf serum. Prior to experi- 
mentation the cells were grown in monolayer culture 
and taken to the Rutherford Laboratory. About 
one to two hours before irradiation the cells were 
trypsinized and suspended in Eagles Minimum 
Essential Medium for Suspension Cultures at a 
concentration of ~2 108 cells cm’. About 2 cm? 
of suspension was put into each of the cell containers 
which were placed at predetermined depths in the 
phantom, and the beam switched on. At regular 
intervals the beam was switched off, the ton cham- 
ber reading noted and a small sample (~0-1 cm?) 
of cell suspension removed from each container. The 
volume was made up with fresh medium to minimize 
air gaps, and the exposure restarted. A sample was 
also removed from a control suspension situated 
outside the beam. The cells samples were diluted 
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Central axis depth-dose curve for 70 MeV s^ mesons. 
(a) Copper target. (n) Tungsten target. 
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into a larger volume, counted, diluted and plated. 
The plates were incubated at 37°C for 14 days when 
they were fixed and stained. The clones were coun- 
ted under a dissecting microscope at x 4 magnifi- 
cation using the usual criterion of 50 or more non- 
giant cells per clone. 

Figure 2 shows the effect of time in the irradia- 
tion chambers on the viability and multiplicity of the 
HeLa cell suspension when kept at room tempera- 
ture. There is no significant increase in multiplicity, 
but by 24 hours the viability had dropped to 
~40 per cent of its initial value. This is not unduly 
large, and most exposures, especially those at the 
high dose-rates, were of much shorter duration. 


RESULTS 
The results are presented as survival curves de- 
termined at several depths in the Perspex phantom. 
Figure 3 shows the results for the low dose-rate 
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experiments using a copper target in the proton 
beam. The dose-rate in the peak was 40 or 60 rad 
hour-!, The data are for three depths—one in the 
plateau region (Fig. 3A) and two in the peak region 
(Fig. 38 and c). The actual depths and ionization 
levels (normalized to an ionization of 1 at a depth of 
1-91 cm) are indicated. The lines are fitted by eye. 
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The data show no obvious difference in the survival 
curves at any of the depths used. However, more 
recent data, obtained using the tungsten target and 
at dose-rates 100—150 rad hour~! do show differences 
in the response of HeLa cells at various depths. 
'These results are shown in Fig. 4. Irradiation at 
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13-7 cm (in the centre of the peak—see Fig. 19) 
most effective. Irradiation at 12-4 cm depthisslightly /..— 
less effective, while irradiation in the plateau (4:8. — 
cm) and just behind the peak (14-9 cm) are least. — 
effective. At the 20 per cent survival level, the RBE -. 
peak-to-plateau is ~1-4. The response at 13-7 em 
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HeLa survival curves for a- meson irradiation using the tungsten target. 
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depth is similar to the response in the three positions 
used for irradiations using the copper target. 

For comparison purposes, two experiments were 
done using conventional radiation at suitable dose- 
rates. The results are shown in Fig. 5 where 99Co 
yrays at 55 rad hour~t and 195 rad hour~? have been 
used. The experiments were done using the same 
techniques as were used for the z- meson exposures. 
There is no difference in the response at these two 
dose-rates. JT- mesons (peak) have an RBE of 2:1 
compared to y rays at the 20 per cent survival level. 
The RBE z- mesons (plateau) to y rays at the 20 per 
cent level is 1-5. 


Discussion 
The data presented here clearly show the in- 
creased effectiveness of m- mesons compared to con- 
ventional radiation at comparable dose-rates. There 
is evidently no dose-rate effect observed for either 
«^ mesons in the peak or for y rays in the range 


40-150 rad hour-!. However, the data obtained in the 
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plateau (and to a lesser extent in the post-peak 
position) show differences between “low” dose-rate 
exposures (ře. those done using the copper target) 
and the higher dose-rate exposures (tungsten tar- 
get). The lower dose-rate appears to be the more 
effective. Thus, the RBE peak-to-plateau for low 
dose-rates is ~1, while at higher rates it is —— 1-4. 
This difference 1s not explicable as a dose-rate effect 
(the higher dose-rate should be the more effective); 
nor can it be explained by supposing that the 
tungsten target increases the low-LET component 
in the beam (no physical evidence from depth-dose 
measurements (Reading, 1975)). In the post-peak 
position, estimation of the dose to the cells is less 
accurate due to the sharply falling dose-level with 
distance in this region, and this may account for 
some differences between experiments. 

Other mammalian data obtained using this same 
7- meson beam show RBE values in the peak ranging 
between 1 and ~2, and peak-to-plateau effect 
ratios of between 1 and 1-86. Lloyd et al., 1974 find 
no dose-rate effect in the peak and report a peak-to- 
plateau ratio of ~1-5 for chromosome aberrations 
in human lymphocytes. The RBE compared to 
conventional radiation is ~2. Nias et al. (1974) used 
frozen HeLa cells. The RBE in the peak was 1-86— 
in good agreement with the results reported in this 
paper. A determination in the plateau using one 
point indicated an RBE peak-to-plateau also of 1:86. 

Coggle et al. (1975) have used several mammalian 
in vivo systems. In none of their end-points do they 
report a difference in effectiveness peak to plateau. 
The RBE relative to conventional radiation was 
1 for the induction of lens opacities in mice, for bone 
marrow CFU-S survival and for oocyte depletion. 
For thymus weight loss the RBE was —1:3. Thus, 
these systems show no change in effectiveness with 
depth and very little change compared to conven- 
tional low dose-rate radiation. 

The data available from other z^ meson sources 
was reviewed by Raju and Richman (1972). RBE 
values for m~ mesons in the peak would seem to 
lie in the range 1:5-5-0, depending on the end-point 
and the biological system used. It seems that 
RBE values depend more on the biological factors 
involved, than on the physical characteristics of a 
particular z- meson beam (ie. momentum spread, 
dose-rate, etc.). It is still important, however, to 
find out more about the physical make-up of z- 
meson beams before any decision is made as to 
whether m- mesons are suitable for radiotherapy. 
Much more work needs to be done using both 
in vitro and in vivo mammalian systems on the 
effectiveness of 7~ mesons at varying depths. Further 
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experiments using the HeLa cell system are planned 
to investigate the depth-survival profile of the beam 
for both aerobic and hypoxic cells. This sort of ex- 
periment is more likely to tell us whether 7” mesons 
will be radiotherapeutically useful than a single 
determination of an RBE value in the peak and 
plateau regions. 
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Writing Scientific Papers in English. An ELSE-Ciba Founda- 
tion Guide for Authors. By Maeve O'Connor and F. Peter 
Woodford, pp. 116, 4 tables, 9 illus., 1975 (Amsterdam, 
Associated Scientific Publishers and New York, American 
Elsevier), $7.95. 

This comprehensive and clearly written book originated in 
discussions of the European Association of Editors of 
Biological Periodicals (ELSE) over the period 1967-73. 
The authors describe all the stages in the preparation of an 
article for publication, and the text contains much thought- 
ful and detailed advice. In the Foreword, Knut Faegri, 
Chairman of the ELSE Style Manual Committee comments 
that English has taken the place once held by Latin in the 
world of learning": the authors rightly give much attention 
to English prose style (p. 41 “Some scientists have a mania 
for using abstract names’’) but in addition cover all those 
problems of organization and presentation that authors must 
overcome in transferring to a few blank sheets of paper an 
intelligible account of a complex series of studies recorded 
in files and note-books over periods of months or years. 

'The book has nine chapters, five appendices, a biblio- 
graphy and an index. The first five chapters cover planning 
the paper, preparation and drafting, and the last four 
submission, responding to the editor and proof correction. 
In Chapter 3 there is excellent advice under the heading 
“Write the First Draft Quickly". “Settle down at a time 
and place which will allow you to remain undisturbed for 
several hours. Collect all the material vou have prepared . . . 
If the paper is short try to finish the draft at one sitting . . na 

In Chapter 4 “Revising” there is a fine section on style— 
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problems with verbs, pronouns and nouns, (p. 40: 'Exces- 
sive use of the passive voice. It is absurd and mentally lazy 
to use the passive voice in every sentence ... The right 
place for a verb in the passive is in a sentence like ‘the cows 
were milked twice a dav’ when there is no need to identify 
the milkmaid.’’) problems of verbosity, pomposity, impre- 
cision and punctuation (e.g. p. 43: "If you always choose 
elaborate words instead of simple ones, you will soon be 
trapped into using words wrongly.” ) 

Chapter 9 “Correcting the Proofs? concludes with 
the comment "You may wonder why it takes so long for 
your paper to get into print?" : a detailed line diagram pro- 
vides an answer to the question and shows 17 separate stages 
in the journey from author to journal subscriber. Appendix 
I lists 29 steps in the preparation of a paper. 

The authors are evidently disciples of Ernest Gowers, 
Eric Partridge and Arthur Quiller-Couch and their book 
should find a place on many bookshelves beside those 
classical works Plain Words, Usage and Abusage and The Art 
of Writing. 

This erstwhile editor of THe BRITISH JOURNAL OF 
RADIOLOGY can recommend the book to novices and ex- 
perienced authors, of any mother tongue; he hopes that 
his successor will find his task a little eased if the book 
receives the attention it well deserves. 

One request to the publishers: the attractive hard back 
cover makes the book very suitable for libraries, but a 
wider sale among individual authors would probably be se- 
cured for a cheaper cloth covered edition. 

N. G. TROTT. 
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On-line beam data acquisition for a dedicated radiotherapy planning 


computer 


By J. Milan, B.Sc., M.Sc., D. R. Dance, B.Sc., Ph.D., R. E. Bentley, B.Sc., Ph.D., and 


S. C. Lillicrap, B.Sc., Ph.D., A.R.C.S. 


Physics Department, Royal Marsden Hospital, Sutton, Surrey 


(Received May, 1975) 


Digital computers are now widely used for calcula- 
ting absorbed dose distributions in radiotherapy and 
a number of commercial systems such as the RAD 8 
(Digital Equipment Co., and SHM Nuclear Inc.), 
PCI2 (Artronix Inc.) and Philips TPS (Philips 
Medical Systems) have been developed for this 
purpose. The greatest single problem encountered 
when implementing such systems is that of prepar- 
ing beam data in a computer compatible form. In 
many cases, isodose curves are the only data avail- 
able at the time a computer system is installed and 
the conversion of these to tabular form is both 
laborious and error prone. An alternative method 
of data preparation is therefore desirable and the 
two most viable solutions are: 

(1) calculation of beam-data tables using a com- 
puter program based upon a mathematical or 
physical model, 

(2) direct measurement of dose distributions in 
tabular form. 

Calculation methods, for example Cunningham 
(1972) can yield very good results, particularly when 
applied to 99Co dose distributions; however, the 
modification of this type of program to suit a parti- 
cular treatment machine is not always straight- 
forward. A trial and error procedure may be re- 
quired in which program parameters are repeatedly 
modified; this can be very time-consuming, and 
the end product may not be entirely satisfactory. 
Clearly, such. problems, which arise from the lack 
of suitable input data, are avoided if the beam data 
is measured directly in a form which is suitable for 
direct input into the computer. 

When a treatment machine is installed, it is 
normal practice to make comprehensive dose meas- 
urements, and the additional labour involved in 
preparing data for use by a computer treatment 
planning system is minimized if the basic measure- 
ments are made in a tabular form. In the case of 
installations where measurements already exist in 
the form of isodose curves, remeasurement for 
computer use is apparentlv unattractive because of 








the labour involved. However, if an automated beam 
measurement technique is used, the complete re- 
measurement of a treatment machine can be so rapid 
that it will take less time than any other method of 
beam data preparation. 

An apparatus, which produces paper tape or 
similar media, may be specially constructed to auto- 
mate the measurement of beams, but this will be 
complex and costly (Blackmore and Naylor, 1975). 
When a dedicated computer is available, a much 
simpler and relatively inexpensive system can be 
made by making an on-line connection with the 
water phantom (Glenn et al., 1969), and it is evident 
that the same computer for which beam data will be 
required may be advantageously used for the initial 
measurement of the data. This paper describes an 
automated method of beam measurement which 
utilizes the standard RAD 8 treatment planning 
system (Bentley and Milan, 1971). 'This technique 
has been successfully used to prepare data for a 
Mullard SL75 linear accelerator and a T.E.M. 
Mobaltron F100 Cobalt Unit. 


EQUIPMENT AND MEASUREMENT 

Absorbed dose measurements are made using a 
conventional water phantom and ionization cham- 
ber, but the position of the chamber is controlled by 
stepping motors connected to the PDP-8 computer. 
The output from the ion chamber is connected to 
one of the analog channels of the computer. 

The ionization chamber is a P'TW Simplex Micro 
Chamber with a volume of 50 mm? and an internal 
diameter of 3 mm which produces an output of 
10 pA rad-! secondi. A varactor diode amplifier 
(Analog Devices Type 310) is used to measure the 
voltage developed by the ionization current across a 
1092 resistor. This amplifier has an input im- 
pedance in excess of 10112 and produces an output 
in the range 0-10V which is directly compatible 
with the existing analog channels of the computer. 
Àn additional buffer amplifier with unity gain is 
used to drive the current into a 100 m cable between 
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the plotting tank and the computer which is situated 
in a totally separate part of the hospital. The ioni- 
zation chamber is driven in two orthogonal directions 
within the water phantom (30 x 30 x 40 cm) using a 
rectilinear scanning mechanism (Fig. 1). The drive 
is provided by two stepping motors (SLO SYN 
type HS50L) which move the chamber in 0-2 mm 
increments at a speed of up to 300 increments, 
second. For measurement purposes, this was re- 
duced to 50 increments/second (7.e. 10 mm/second). 
'The signal input requirements of the stepping motor 
drive circuits are electrically equivalent to those of 
the standard PDP-8 interface normally used to drive 
a ‘Calcomp’ type digital X-Y plotter. The necessary 
program code can therefore be generated with very 
little effort. 

lonization chamber measurements are made at 
intervals of 0-2 mm across the radiation beam at 
five selected depths in the water phantom. To 
minimize the effect of noise, some 60 samples are 
recorded at each measurement point. This is the 
largest number of analog to digital conversions 





Fic. 1. 


Plotting tank with ionization chamber mounted on gantry 

for two-dimensional drive by stepping motors. (The varac- 

tor diode amplifiers for the ionization chambers are shown 

standing on the stepping motor housing for ease of photo- 
graphy.) 


~J 


possible in the time available with the chamber in 
motion at the stated speed. The absorbed dose rate as 
calculated from the mean of these 60 samples has 
an estimated error of 0-3 per cent of the maximum 
absorbed dose rate, 7.e., the build-up dose on the 
central axis. For measurements 
an additional with 
its own varactor diode amplifier is used to provide a 


on a linear ac- 


celerator, ionization chamber 
reference. This second chamber is mounted in a 
fixed position close to the beam axis to monitor 
fluctuations in machine output. The signals from 
both amplifiers are fed through a multiplexer into the 
computer, and their ratio is calculated digitally. 
This avoids the need for an analogue ratio circuit. 
the 
short pulses 


Because linear accelerator produces very 
1-6 useconds duration at 2:5 msec- 
onds intervals in the case of the MEL SL75 mach- 
ine—the time constant of each amplifier must be 
long enough to overcome effects due to fluctuations 
in output, but short enough to avoid errors caused 
by the dose reading lagging behind the positional 
information. Because there was no obvious method 
of determining the time constant of the system, à 
procedure was devised to ensure that it was not too 
long. This was done simply by driving the ionization 
chamber at twice the normal scanning speed across 
the penumbra of the linear accelerator beam. This is 
the largest dose gradient which will be encountered 
in practice, and the resulting plot was found to be 
unchanged at this increased speed. 


COMPUTER CONTROI 

An interactive program is used to measure the 
profiles and central axis values for each beam. As 
each profile is recorded, it is displayed on the 
storage oscilloscope of the computer system, and a 
facility is provided to restart the measurement of a 
beam if any of its five profiles are considered un- 
acceptable. This feature has been used occasionally 
when spurious electrical noise was apparent on the 
profile display. Facilities are also provided for the 
position of the profile centre and the 80 per cent 
or 50 per cent widths to be calculated. ‘This infor- 
mation is used to check the starting position of the 
ionization chamber and the alignment of the plotting 
tank. The field size calibration of the collimator of 
the treatment machine may also be checked. 

[t was considered desirable to smooth the data 
from the SL 75 linear accelerator to remove fluctua- 
tions of up to 0-5 per cent of the maximum dose. 
The dose gradient at points in a beam profile is 
dependent upon position, and so an algorithm was 
developed which allowed for this. This technique 
uses averages over 33 points in regions where the 
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‘Typical output from the special program used for examining the measured data. 
T'op left: central axis depth dose data, 
Bottom left: profiles at five depths. 
Right: isodose curve generated from the same data. 
Far left: data entered by user followed by numeric results. 


profile is linear, but progressively reduces this num- 
ber as the profile becomes more curved. The algor- 
ithm is incorporated into two distinct programs, 
one of which produces isodose curves directly and, 
as explained below, as accurately as possible; the 
other is used to prepare the tables for the RAD 8 
programs. Curves obtained from the first program 
make possible the estimation of any errors in the 
final output produced by the treatment planning 
system. The former programs produce isodose 
curves via an intermediate matrix which has a grid 
spacing of 3 mm. This program also produces plots 
of the central axis and profile data and lists the 
positions of the isodose lines on the central axis. The 
latter information may be plotted as a function of 
equivalent square to provide a consistency check. 
Typical output from this program is shown in Fig. 2. 
The second program selects the required doses from 
the profiles and central axis data and stores these 
in the form required by the RAD 8 programs; facili- 
ties are provided in this program to examine the 
numerical value of points in a newly prepared beam 
data table. 


Discussion 
The data table required to specify a beam for the 
RAD 8 treatment planning system consists of the 
doses at 17 points on the central axis and the dose 





ratios at only 47 points on each of the five profiles 
(Milan and Bentley, 1974). The most direct method 
of obtaining this data would be to measure doses 
only at the specific points required by the beam 
data tables. However, in the above system data is 
recorded at intervals of 0-2 mm which are so small 
that the data may be treated as a continuous func- 
tion. This has the following advantages: 

(1) Continuous curves can be produced for a quick 
visual verification that the data appear reasonable. 

(2) Smoothing procedures may be carried out to 
reduce noise without significant degradation of 
the data. 

(3) Small errors in ionization chamber position 
which may arise due to backlash or incorrect 
centering may be readily corrected. By compari- 
son, error correction on tabulated data requires 
complex interpolation procedures. 

(4) The exact positioning of points in the beam table 
can be chosen after the measurements have been 
completed. This is useful because information 
gained from profile measurements may influence 
this decision. | 

(5) The data may be converted to isodose curves 
using a method which is more accurate than that 
used by the treatment planning system. The lat- 
ter is a compromise between accuracy, speed of 
calculation and memory size with the result that 
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small errors are detectable in the penumbral 
region of a beam. These errors are considered 
insignificant for treatment planning purposes 
(Bentley and Milan, 1971) but it is desirable that 
information concerning them should be avail- 
able. Such information is readily obtainable from 
isodose curves which are produced directly from 
beam data which has been recorded as a virtually 
continuous function. The only disadvantage of 
recording data in this manner is that the require- 
ment for bulk data storage on magnetic tape is 
increased. However, the resulting inconvenience 
and expense are minimal. 

The time required with this svstem to measure a 
single beam is approximately five minutes, and all 
the data for one treatment machine may be collected 
in a few days. 'T his compares very favourably with a 
commissioning time of many weeks by traditional 
methods. The long distance which often physically 
separates the computer and the machine under 
measurement causes only minor inconvenience. 

The measurement of data in tabular form has the 
advantage that both suitable tables and isodose 
curves may be generated. This is because isodose 
curves may be obtained very easily by interpolation 
of tables but the converse is not true; if 1sodose 


curves are measured as the prime data, tables can be 
produced by interpolation only with great difficulty. 
We are satisfied that the procedure reported in this 
note is the only approach which provides a complete 
solution to the problem of beam data preparation 
for RAD 8 and similar free standing computer 
systems. 
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Book review 


Roentgen Examinations in. Acute Abdominal Diseases. 
By J. Frimann-Dahl, pp. xiv-- 617, 1974 (Illinois, U.S.A., 
Charles C. Thomas), $29.50, 

The re-editing of a classic text is always something 
of an event, and the appearance of the third edition of 
Frimann-Dahl's Acute Abdomen is another milestone in 
radiological literature. | 

The format of the book is similar to the second edition, 
but the newer procedures of arteriography in evaluating 
acute abdominal conditions are dealt with in considerable 
detail. This is perhaps not surprising in view of the pioneer- 
ing role that the author's department at Ulleval Hospital 
played in establishing this technique. 

À welcome, but a sad commentary on modern life is the 
detailed account of the examination of abdominal trauma— 
a feature of increasing prominence in the radiologist's 
dailv work. 

It is difficult to find any real faults in such a magnificent 
work but perhaps a more detailed description of the medical 
conditions which mimic an acute abdomen, such as ''dia 
betic abdomen", “porphyria”, etc. would be helpful. 

'The increasing age of the general population throws a 
special responsibility on the radiologist as the "acute abdo- 
men” in the elderly seldomi has the dramatic clinical signs 
that present in the younger age group. Àn acute cholecystitis 


with perforation of the gall-bladder may occur with surpris- 
ingly few clinical signs, and it is important that clinicians 
should give due accord to the radiological findings. Such 
signs are described in considerable detail. Also, metastatic 
peritoneal malignancy which may present as a subacute 
abdomen is a problem which frequently presents difficulties 
in diagnosis in the elderly. 

It is perhaps unfortunate that a large proportion of 
acute abdominal examinations occur outside normal 
working hours and the interpretation of the films are often 
done under conditions which are not conducive to achieving 
the best results. The author in his preface rightly draws 
attention to the need to develop this expertise which can 
only be obtained by constant contact with the problem 
which implies a ready availability of radiological opinion at 
all times. 

'This text is probably far too detailed for the surgeon to be 
greatly attracted to it, but all radiologists, whether in train- 
ing or in practice, should study and appreciate the exper- 
ience of a lifetime that has gone into compounding this 
book. 

It surely must merit a prominent place in every radiolo- 
gist’s library and a place within easy reach of the X-ray 
reporting station. 

Eric SAMUEL. 
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Septal lines in a case of asthma with eosinophilia 
By Irene M. Prossor, M.B., B.S., D.M.R.D., F.R.C.R.* and Patricia Thurley, M.B., B.S., D.C.H., 


D.M.R.D. 


Department of Radiology, Westminster Hospital, London, S.W.1 


(Received April, 1974, and in revised form July, 1975) 


The radiographic manifestations of pulmonary 
eosinophilia have been well documented, but to our 
knowledge the finding of septal lines in a case of 
asthma with eosinophilia has not been recorded. 


Case history 

R.K., a 23-year-old male, presented with severe breath- 
lessness of recent onset. ‘Two days before admission he 
developed a sore throat and cough, and felt breathless and 
progressively more ill. He had a history of asthma since 
childhood, and was currently taking Franol and Salbutamol. 
He has had at least two courses of steroids in the past. His 
mother is asthmatic. 

On examination he was breathless, but not cvanosed, 
and had a pyrexia (102°F), There were scattered rales and 
rhonchi throughout both lungs. His expiratory peak flow- 
rate was 200, A chest radiograph at this time revealed 
patchy shadowing throughout the lungs with the presence 
of septal lines. The heart size and pulmonary vasculature 
were within normal limits. 

The following investigations were performed to exclude 
bacterial and fungal infections. 

Sputum culture was negative for fungi and mycobac- 
terium and grew only normal mouth commensals. Serum 
precipitins to Aspergillus fumigatus and skin testing to Asper- 
gillus were negative, though the skin test to house mites was 
positive, 

Initially he had à WBC of 14,000 with 2 per cent eosino- 
phils rising to 7 per cent of 7,500 WBC two days after 
admission. 

On admission he was initially treated with aminophylline. 
The next day the patient showed some clinical improvement, 
and was started on antibiotics and a course of steroids 
(prednisone 5 mg t.d.s.). This gave rise to rapid improve- 
ment both clinically and radiologically. The eosinophil 
count returned to 2 per cent a month later after treatment 
with steroids. The steroid therapy was tailed off and the 
patient remained well. 

A diagnosis of pulmonary eosinophilia was made in view 
ot the high blood eosinophil count and the response to 
steroids. The first chest radiograph showed ill-defined 
opacities throughout both lung fields (Fig. 14 and B) in a 
mainly peripheral distribution, with well-marked septal 
lines at the bases and radiating from the hila. These 
changes cleared rapidly after treatment with steroids, and 
became normal four days later (Figs. 24 and B). 


DISCUSSION AND RADIOLOGY 
The conditions in which septal lines may become 
visible on the chest radiograph have been reviewed 
by Trapnell (1973). They have been described by 
Ngan et al. (1971) following the administration of 


*Present address: Department of Radiology, The Royal 
Infirmary of Edinburgh Edinburgh EH3 9YW, 
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Fic. 1. 


Chest radiograph on admission showing ill-defined opacities 
throughout both lung fields with well marked septal 
lines. 


176 


1976, British Journal of Radiology, 49, 177-179 


FEBRUARY 1976 


Case reports 








Fie. 2. 


Chest radiograph following four days treatment with 
steroids showing complete clearing of the lung fields. 


Nitrofurantoin. These authors believe that the 
radiological changes occurring after the adminis- 
tration of Nitrofurantoin are produced by an aller- 
gic transudate rather than by an inflammatory exu- 
date, because of the rapid onset of the symptoms 
after the re-administration of the drug and the rapid 
improvement after the withdrawal of the drug. About 
half of the cases of Nitrofurantoin lung so far des- 
cribed have had a significant eosinophilia suggesting 
an allergic basis to the symptoms and radiographic 
appearances. In our case a blood eosinophil count of 
14 per cent of 7,500 WBC was recorded, and we 
believe the appearance of the septal lines in this 
case, with rapid return to normality after treatment 
with steroids, is in favour of an allergic transudate 
into the interlobular septa. 
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Intrapericardial barium in a case of peptic ulceration 
By J. O'Driscoll, M.B., D.C.H., M.R.C.Path., and J. B. Hourihane, M.D., F.R.C.P.I., D.M.R.D., 


F.R.C.R., F.F.R.R.C.S.l. 
St. Vincent's Hospital, Dublin 
( Received April, 1975 and in revised form July, 1975) 


Pneumopericardium is rare and is even more un- 
common as a complication of benign gastric ulcera- 
tion. Advances in surgical treatment for carcinoma of 
the oesophagus have led to more frequent thoracic 
interposition of the stomach for the resected portion 


of the oesophagus. The heterotopic stomach is 
liable to develop abnormalities similar to those which 
occur in the normally situated stomach. We report 
here a case in which pneumopericardium occurred 
following perforation of a benign gastric ulcer in a 
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stomach that had been surgically advanced to the 
thorax following resection of a carcinoma of the 


oesophagus. 


{_ ase Mmstory 


\ female, born 1918, presented to the surgical clinic of 
Vincent's Hospital in 1960 complaining of dysphagia. 
and appropriate investigations, 
diagnosis of carcinoma of the oesophagus was made. The 
stricture was surgically resected and the stomach brought 
ip into the thorax and anastomosed with the upper portion 
of the oesophagus. Histological examination showed the 
presence of a well-differentiated squamous cell carcinoma 
which had partially penetrated the wall of the oesophagus 
Cher and no involvement of 
lymph nodes by tumour. The patient's recovery was un- 
eventful 
The patient remained well until February 1974, when she 
complained of severe pain, of six months’ duration, in the 
left Musculoskeletal and cardiac causes for the 
were investigated and none found. Following barium 
ingestion, a supine chest radiograph showed the appear- 
|. A horizontal ray radiograph of the chest in 
the supine position (Fig. 2) showed a crescentic outline of 
in the pericardial sac. A lateral film (Fig. 3) showed 
barium posteriorly in the stomach entering the pericardium 
anteriorly. During this admission, the patient's condition 
deteriorated rapidiv and she died within two davs of the 
barium studies 
At autopsy, the main abnormal findings were seen within 
cavity. The gastro-oesophageal anastomosis 
In the stomach, there was an ulcer, 4 cm in 
which had perforated anteriorly into the peri- 
Histology ot the ilcer showed the features o1 
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Fic. 1. 


Supine chest radiograph after barium, showing intrathoracic 
Note thickened pericardium at right border 
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Fic. 2. 
Horizontal ray radiograph of chest of patient in the supine 
position showing a crescentic outline (arrowed) of air in the 


pericardial sac. 





FIG. 3. 
Lateral radiograph showing barium posteriorly in the 
stomach and entering the pericardium through fistula 


(arrowed). 


DISCUSSION 
The intrathoracic stomach, whether it is in the 
thorax as a result of surgery or because of hiatus 
hernia, may develop peptic ulceration. This peptic 
ulceration is subject to the complications, including 
perforation, of a peptic ulcer in any situation. How- 
ever, because of its situation, perforation of the 
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intrathoracic benign gastric ulcer may lead to un- 
usual consequences. 

Macarthur and Wright (1969) described five 
cases of benign chronic peptic ulceration occurring 
in the intrathoracic stomach in cases of hiatus her- 
nia. Perforation occurred in four of these patients; 
no instance of perforation into the pericardium was 
seen. 

Romhilt and Alexander (1965) described a case 
of pneumopericardium secondary to perforation 
of a benign gastric ulcer. Their patient had had a 
resection of a benign oesophageal stricture and 
gastro-oesophageal anastomosis three years before 
she presented. In their review of the literature they 
found ten cases in which a benign gastric ulcer had 
perforated into the pericardium. Nine of these ten 


cases had resulted from extension of a sub-diaphrag- 
matic perforation. In the tenth case, the ulcer was 
situated in a hiatus hernia. 

Romhilt and Alexander found their case to be 
unique in their perusal of the literature. We report a 
case showing several similar features but in which the 
perforation into the pericardium developed 14 
years after a partial oesophagectomy for carcinoma of 
the oesophagus. 
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Bone changes in intrahepatic biliary atresia 
By B. N. Raghavendra, M.D. and Nancy B. Genieser, B.A., M.D. 
Department of Radiology, New York University Medical Center, 560 First Avenue, New York, 10016, U.S.A. 


( Received April, 1975) 


'The most frequent cause (60 per cent) of prolonged 
jaundice in infancy is biliary atresia (De Lorimier, 
1973a). It is expected to occur once in every 20,000 
to 30,000 births. Intrahepatic biliary atresia con- 
stitutes about 5 per cent of these cases, according to 
Schwartz (1974). A review of the radiologic literature 
failed to produce more than a dozen cases of intra 
hepatic biliary atresia with réntgen abnormalities. 
The purpose of this report is to emphasize the salient 
late róntgen changes seen in bones in patients with 
intrahepatic biliary atresia. — — 


Case History 

A three-and-a-half-year-old male was seen in the hospital 
clinic because of swelling of his feet, hands and knees. The 
previous history revealed that at two-and-a-half months of 
age he had been admitted to the hospital because of persist- 
ent jaundice. An exploratory laparotomy at that time showed 
the liver to be large, green and firm. The gall-bladder was 
hypoplastic. An operative cholangiogram had shown hypo- 
plasia of the common-duct with abrupt stenosis at its 
junction with the liver, visualization of a single threadlike 
intrahepatic bile radical in the right lobe of the liver, and a 
non-patent cystic duct. Liver biopsy revealed severe bile 
stasis and periportal fibrosis. A diagnosis of intrahepatic 
biliary atresia was made. At this time and again at seven 
months of age, a bone survey was within normal limits. On 
his current admission a physical examination revealed a thin, 
malnourished boy with a distended abdomen. There was 
minimal tenderness over the anterior aspect of the knees and 
dorsum of the hands. The liver and spleen were palpable. 


Films of the skeleton showed the bones to be diffusely 
demineralized. There was cortical hyperostosis along the 
shafts of the long bones with marked soft-tissue swelling 
about the knees, ankles and wrists (Figs. 1 to 3). The 
metacarpal bones and phalanges were clubbed. The bone 
age was retarded, the skull was normal. The patient was in 
a remarkably good state of well-being. 


DISCUSSION | 

Neonatal hepatitis, extrahepatic biliary atresia, 
choledochal cyst, and some cases of intrahepatic 
biliary atresia not associated with extrahepatic 
biliary atresia are felt to be secondary to an inflam- 
matory response caused by prenatal and perinatal 
infection. The end result of this process is epithelial 
damage, periductal fibrosis and obliteration of the 
ducts (Landing, 1974). Viruses such as hepatitis and 
rubella have been incriminated as the most probable 
causative agents (Landing, 1974). Liver biopsies may 
be initially normal or show giant cell transformation 
and bile stasis. In later stages serial biopsies show 
the disappearance of portal and intralobular bile 
ducts (De Lorimier, 1973b). When intrahepatic 
biliary atresia results, a syndrome develops. Baker 
and Harris (1964) reviewed the clinical and radio- 
graphic features in intrahepatic biliary atresia. The 
pertinent clinical features include: severe jaundice, 
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Yersinia enterocolitica ileocolitis findings observed on barium examination 


By G. Shrago, M.D. 


Department of Radiology, Letterman Army Medical Center, Presidio of San Francisco, California 94129, U.S.A. 


(Received March, 1975) 


In a surgically inviolate abdomen, the presence of 
right lower quandrant pain, accompanied by nausea 
and emesis, evokes strong consideration of appendi- 
citis. Other entities, such as ureteric colic, ruptured 
duodenal ulcer, acute pelvic inflammatory disease, 
ovarian cyst torsion, ectopic pregnancy, acute gastro- 
enteritis, or mesenteric adenitis also warrant con- 
sideration. Many of these may be excluded by clini- 
cal findings and appropriate laboratory studies. Exact 
identification of the offending organism is required 
in some inflammatory conditions, such as amoebiasis 
and salmonellosis. Yersinia enterocolitica is a gram- 
negative enteropathic organism found in the gastro- 
intestinal tract of humans; it can produce acute 
ileocolitis and a clinical syndrome virtually indis- 
tinguishable from acute appendicitis (Weber, Finlay- 
son and Mark, 1970). Yersinia ileocolitis can only be 
conclusively diagnosed by identification of the Yer- 
sinia organism. The radiologist can suggest the 
possibility of Yersinia ileocolitis so that appropriate 
evaluation will follow. The following is a case 
report of Yersinia enterocolitica induced ileocolitis 
with barium examination of the colon. 


Case history 

A 26-year-old woman had acute onset of nausea, diarrhoea, 
and pain in the right lower quadrant of the abdomen. 
Twenty-four hours after the onset of symptoms, the patient 
entered the hospital emergency-room. Physical examination 
disclosed the presence of fever and a tense abdomen. 
Specific tenderness was elicited in the area of McBurney's 
point and peritoneal irritation was indicated by the presence 
of rebound tenderness. On digital examination the rectum 
was painful on the right side. 

Laboratory studies were unremarkable, except for elevat- 
ed white blood cell count (18,600/mm?) with predominance 
of polymorphonuclear neutrophils. At surgical exploration, 
the serosal coverings of the ileum and adjacent caecum were 
found to be erythematous. The bowel and the adjoining 
mesentery were oedematous; lymph-nodes in the adjacent 
area were enlarged. The appendix was removed and inver- 
sion of the appendiceal stump was performed. On patho- 
logical examination, the appendix was considered normal, 
but it was not cultured for pathogenic organisms. 

Following surgery, the patient continued to experience 


right lower quadrant pain and diarrhoea. Twelve days after 
surgery, serum was drawn for reactivity to Yersinia antigen. 
At this time, with the possibility of regional enteritis being 
entertained, the patient was subjected to barium examination 
of the small bowel. Abnormal findings were observed in the 
caecum and distal ileum (Fig. 14 and B). 

Following initial barium study, the patient began to 
improve, and within one month she was asymptomatic, 
Serum was drawn (28 days after surgery) for reactivity to 
Yersinia antigen. A repeat barium enema was interpreted as 
normal. Comparison of paired serum titers demonstrated a 
fourfold difference in reactivity to Yersinia enterocolitica, 
Type II. 

DISCUSSION 

Yersinia, a gram-negative coccoid organism, was 
initially isolated in 1883 from a tuberculous forearm 
lesion in a child who died of meningitis. ‘The organ- 
ism was subsequently designated Yersinia pseudo- 
tuberculosis after being observed as a frequent 
pathogen in guinea pigs used for tuberculosis 
research (Mair, 1965). Initially part of the genus 
Pasteurella, recent taxonomic revision has estab- 
lished the classification of Yersinia with inclusion 
of Yersinia pseudotuberculosis and closely related 
Yersinia enterocolitica (Nilehn, 1967; Smith and 
Thal, 1965). 

Yersinia has been frequently cultured from faecal 
material of rodents, birds, monkeys and sheep. It is 
not found in man as a normal commensal bowel 
inhabitant. Identification of this organism can be 
difficult. It is frequently confused with certain entero- 
bacteriaceae, i.e. "atypical coliforms”, and mis- 
diagnosed. Selected bacteriologic reactions allow 
differentiation of this organism from other enteric 
pathogens (Sonnenwirth, 1970). Both Yersinia 
enterocolitica and Yersinia pseudotuberculosis have 
pathogenic potential for man. In humans, the organ- 
ism has a proclivity for causing gastro-enteritis. 
Small outbreaks of Yersinia-related gastro-enteritis 
have been reported in United States literature 
(Gutman et al., 1973). 

Initially, reported as a human pathogen in the 
United States by Schleifstein and Coleman (1939), 
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this organism received little attention in this country 
until later. In 1958, Knapp reported that some cases 
of mesenteric adenitis were related to Yersinia 
pseudotuberculosis. In instances of enteritis secondary 
to Yersinia, patients generally present with various 
somatic signs and symptoms including fever, lethargy, 
pharyngitis, diarrhoea, and abdominal pain. Instances 
of right lower quadrant pain, fever, leukocytosis and 
a mass on rectal examination have prompted the 
diagnosis of appendicitis and subsequent appen- 
dectomy. In most patients, resolution of the diar- 
rhoea and fever has occurred spontaneously, although 
frequently resolution of the symptoms may be slow 
(Brzin, 1968; Gutman et al., 1973). Route of disease 
transmission is probably faecal-oral from an infected 
source—food, animal or another person (Ahvonen, 
1972). 

The diagnosis of Yersinia ileocolitis may be made 
by stool culture, culture of mesenteric nodes. or 
indirectly by paired serum samples for agglutinin 
titers. A four-fold change in agglutinin titers is 
generally considered diagnostic of the disease 
(Gutman ef al., 1973). Yersinia infection is usually 
self-limited and not treated by antimicrobial agents 
unless sepsis or prolonged elevation of serologic 
titers is present. The Yersinia organism is sensitive 
to various antibiotic preparations, including ampi- 
cillin, kanamycin, and tetracycline (Brzin, 1968). 

Specific findings on barium studies of the colon 
have been made in respect to appendicitis, including 
nonfilling of the appendiceal lumen and presence of 
mass adjacent to the caecum (Sorter, 1973). In the 
case presented, réntgen findings consisted of spasm 
and bowel wall thickening involving the proximal 
right colon and adjacent distal ileum. These findings 
are nonspecific and could be simulated by a number 
of acute inflammatory processes, including amoe- 
biasis, salmonellosis, and acute regional enteritis. 

Radiological studies in the case presented showed 
findings consistent with an inflammatory process of 
the ileocaecal area. The radiologist has a role in 


Fic. 1 


(A) Small bowel examination. Irregular narrowing of the 
proximal right colon, especially medial wall. There is some 
question of fistulous communication of small bowel to the 
colon. 


(B) Medial border of caecum spiculated with considerable 
separation between adjacent bowel loops. The separation is 
considered a reflection of bowel wall oedema. 
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suggesting Yersinia ileocolitis so that it may be 
identified by laboratory methods currently available. 
In the subacute state, Yersinia ileocolitis should be 
distinguished from regional enteritis since both 
disease processes can initially be similar. 
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(a) Barium colon study reveals well distended proximal 
right colon with no contour abnormalities. 
(B) Normal appearing ileocaecal valve and distal ileum. 
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Hepatic haematoma in polyarteritis nodosa 
By A. B. Ayers, D.M.R.D., M.D., F.R.C.R.,* and D. H. Fitchett, M.B., M.R.C.P. 
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' UU histor 

\ 21-year-old man presented two years ago with upper 
bdominal discomfort, anorexia, weight loss and low grade 
ever. He was hypertensive and had a right foot drop and 
epatosplenomegaly. Polvarteritis was diagnosed 
in muscle biopsy but a liver biopsy was normal. Regression 
$t symptoms followed treatment 


, 
’ 


nodosa 


with corticosteroids and 
i Idopa 

In 1974, whilst in treatment of Vincent's 
suddenly became shocked with upper abdominal 
ain. His liver enlarged and tender. Transfusion 
rapid. recovery. The following day a liver scan 
Fig. 1). A week later he suffered a similar 
further transfusion 


hospital for 


hex HTM 

reduced 

is performed 
ode requiring 


Abdominal ingiography was then performed and demon- 


d th« changes ot polvarteritis nodosa in the liver 
T /1—3) without other visceral involvement. 


Disi USSION 
itis well known that polyarteritis nodosa may attect 


ne parenchymal arteries of many viscera but parti- 
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' the abdomen. However. it was not 
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| here is a large area of decreased activitv in the right lobe 
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"| ent addres "t. Thomas’ Hospital, London, S.E.1 
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Selective hepat aurteriogram antero-posterio! 
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Selective hepatic arteriogram—right posterior 
There is displacement of the right liver edge ( 
abdominal wall | 


the left 


oblique 

) from the 

, ) and displacement of the coeliac axis to 

Many aneurysms and stenoses are demonstrated 

in the intraparenchymal arteries. Some of the aneurvsms 
ire large and multilocular. 
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until 1965 that the ante-mortem angiographic 
findings were demonstrated (Fleming and Stern, 
1965; Bron, Strott and Shapiro, 1965). Since then 
abdominal arteriography has been used in both 
diagnosis and management based on the high fre- 
quency of pathological changes found in the abdom- 
inal viscera. Muscle biopsy is commonly used in the 
investigation of these patients but voluntary muscle 
is affected in only 20-39 per cent of cases whereas 
renal involvement is described in 80-85 per cent 
(Cabal and Holtz, 1971). 

Most reported cases of polyarteritis nodosa, 
studied by angiography, have demonstrated renal 
involvement but similar changes are described in 
hepatic, splenic, mesenteric, lumbar, intercostal, 
pulmonary and intracerebral arteries (Herschmann, 
Blumm and Lee, 1970; Leonhardt, Jakobson and 
Ringqvist, 1972). Haemorrhage from affected ar- 
teries is well recognized and many cases of peri- 
nephric haematoma are described (Ostrum and Soder, 
1960; Peterson et al., 1970). Haemorrhage may also 
occur from mesenteric arteries (Capps and Klein, 
1970). 

The aneurysms described in polyarteritis nodosa 
are usually small, but larger aneurysms have been 
described in the hepatic arteries (Chudacek, 1967; 
Essinger and Bonard, 1971) even in the presence of 
a normal liver biopsy (Bron and Gajaraj, 1970). 
Robins and Bookstein (1972) have reported regres- 
sion of aneurysms during treatment. The angiogra- 
phic appearances are distinctive, but not pathogno- 
monic as they have also been described in the 
necrotizing arteritis associated with drug abuse 
(Halpern and Citron, 1971). 

The present case demonstrates widespread hepatic 
abnormalities, without renal or other abdominal 
visceral involvement. Some of the aneurysms are 
large and multilocular. The clinical, liver scan and 
angiographic evidence also suggests that the patient 
suffered massive hepatic haemorrhage on at least two 
occasions—firstly into the central portion right lobe 
and subsequently into the outer part of the right 
lobe with displacement of the rest of the liver sub- 
stance to the left. T'he haematoma appears to have 
been contained within the liver capsule and was 
limited superiorly by the liver's attachment to the 


central tendon of the diaphragm. At no time was 
there clinical or radiological evidence of free intra- 
peritoneal blood. 

Angiography has been valuable in demonstrating 
the limitation of visceral involvement and should a 
further hepatic bleed occur ligation of the common 
hepatic artery will be seriously considered. 


This case has also been presented to the Clinical Section 
of the Royal Society of Medicine (Proceedings of the 
Roval Society of Medicine, 1976, in press). 
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Milk of calcium of the adrenal gland 
By A. A. Moss, M.D. 


Department of Radiology, University of California School of Medicine, San Francisco, California 


Kecewed February, 1975) 

Milk of calcium is found most frequently in the 
gall-bladder and biliary tract (Kornblum and Hall, 
1935; Simmonds, 1957), uncommonly in renal py- 
elogenic cysts (Murray, 1971; Berg, 1967) and rarely 
in pancreatic pseudocysts ( Van Nostrand, Renert and 
1974). Recently milk of calcium was 
observed in an adrenal gland cyst. Liquid calcifica- 


Hileman. 


ton has not been previously documented in the 


idrenal gland 


ase fistorà 

M.R., a 37-year-old man, presented with vague abdominal 
pain of several months’ duration. Physical examination was 

Laboratory examination demonstrated a normal 
count, serum lipase, serum amylase, SGOT, alka- 
creatinine, calcium and phosphorus. 
Chest radiography was normal. An abdominal radiograph 
done 1n the erect position revealed a partially calcified left 

pper quadrant cystic mass which contained a crescent- 
ihaped calcium density (Fig. 1). An upright lateral film 
femonstrated the mass to overlay the spine (Fig. 2). An 
excretory urogram placed the mass outside of the kidney in 
the region of the adrenal (Fig. 3). There was no evidence of 
renal or urinary tract disease. A complete endocrine profile 
vas within normal limits. 

On the sixth hospital day the patient underwent an ex- 
laporotomy which revealed a 7 cm cystic 
involving the lateral two-thirds of the left adrenal gland. 
he medial third of the adrenal gland was normal. A total 
was performed, and a multicystic mass 
veighing 28 grams was removed. The overall mass meas- 
red N «4.5 1! cm, while the largest cystic cavity was 4:5 


normal 
Mood 


mir phosphatase à; 


DIOrator* mass 


eft adrenalectomy 





I 


pright radiograph of the abdomen demonstrating cystic 
structure in left upper abdomen containing à crescent- 
shaped calcium density 





cm in diameter. Upon cutting the cyst wall, a pearly-white 
putty-like material with a gritty consistency and 3—4 cm? of a 
cloudy, viscous fluid was removed. Microscopic examina- 
tion revealed multiloculated cysts lined by endothelium and 
containing a mixture of eosinophilic protein material, foci 
of calcification and red cells. There was no evidence of 
malignancy or inflammation. The diagnosis was that of an 
ungiomatous adrenal cyst containing milk of calcium 


DISCUSSION 
Calcification of the adrenal gland occurs in a 
variety of disease entities, but recent 
(Martin, 1965; McAlister and Koehler, 1967, and 
McAlister and Lester, 1971) have failed to report 
any instances of milk of calcium occurring in the 
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in upright lateral abdomen radiograph showing the cystic 
mass to overlay the spine. 
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adrenal gland. Collections of milk of calcium which 
occur in the gall-bladder are most often associated 
with cystic duct obstruction secondary to cholelithi- 
asis and chronic cholecystitis (Knutsson, 1933). 
Chemical analysis has shown calcium carbonate to 
be the predominant component of milk of calcium 
(Walker, 1960) and calcium carbonate has been found 
to be deposited in the wall of the gall-bladder as 
well as excreted into the lumen. 

Renal milk of calcium is usually a fortuitous 
finding in normally functioning kidneys (Murray, 
1971). It is usually located in pyelogenic cysts and 
obstruction of drainage has been proposed (Murray, 
1971; Berg, 1967), but not proved to play a role in 
the formation of milk of calcium in the kidney. 

A recent case report documented milk of calcium 





Fic. 3. 


An excretory urogram demonstrating the cystic mass to be 
suprarenal in location and located in the region of the left 
adrenal gland. 
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occurring within a pancreatic pseudocyst (Van Nos- 
trand et al., 1974). The author postulated the walled- 
off pseudocyst produced a condition analogous to the 
chronically inflammed gall-bladder with cystic-duct 
obstruction. Van Nostrand postulated that milk of 
calcium then was deposited within the pseudocyst 
much like that found in the gall-bladder (Van 
Nostrand et al., 1974). 

The aetiology and pathogenesis of milk of cal- 
cium collections remain unknown. A cystic struc- 
ture with impaired or obstructed drainage is com- 
mon to all locations where milk of calcium has been 
found. Chronic inflammation or haemorrhage may 
play a role in the secretion of calcium into these 
cystic structures. 

The patient herein reported had an angiomatous 
adrenal cyst which was walled off and contained 
milk of calcium. A history of infection or trauma 
was lacking. There was no drainage of the cyst and 
calcium was deposited in the walls of the cyst as 
well as within the contents. 
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iculum of the right ventricle: clinical and angiographic 


By C. B. Higgins, M.D., W. G. Hayden, M.D., J. Copeland, M.D., and E. B. Stinson, M.D. 


Departments of Radiology and Cardiovascular Surgery, 


California 94305 
( Received July, 1975) 


Congenital ventricular diverticula are exceedingly 
rare and usually accompanied by other cardiac 
anomalies. A number of left ventricular diverticula 
have been reported in association with midline 
defects in the pericardium, diaphragm and anterior 
abdominal wall (Cantrell, Haller and Ravitch, 1958; 
Edgett et al, 1969), and as an isolated lesion in 
natives of geographically localized areas of Africa 
(Chesler et al., 1965; Lurie, 1960) and sporadically 
from elsewhere (Dimich et al., 1969; Paronetto and 
Strauss, 1963; Treistman ef al, 1973). Few des- 
criptions of right ventricular diverticula are available 
(Carter et al., 1971; Cumming, 1969). The current 
ease report depicts the angiographic features of a 
contractile diverticulum of the right ventricle, which 
may have been the origin of two large pulmonary 
emboli. 


Case history 

The patient, a ten-year-old caucasian boy, was found to 
have a systolic cardiac murmur at age six months. Although 
asvmptomatic at that time, there was radiographic evidence 
of mereased pulmonary blood flow. Cardiac catheterization 
at age six years while he was still asymptomatic revealed a 
high membranous ventricular septal defect with direct 
shunting from the left ventricle to right atrium. In addition, 
à right ventricular cine-angiogram demonstrated a diver- 
ticulum projecting from the base of the right ventricular 
outflow tract. 

At age nine years he developed an episode of subacute 
bacterial endocarditis apparently involving the right side of 
the heart; a streptococcus was shown to be the responsible 
organism. The illness was complicated by large pulmonary 
emboli to the right middle lobe and a day later to the right 
lower lobe. 

At age ten he was admutted for a second cardiac catheteriz- 
ation which demonstrated normal pressure in all cardiac 
chambers and a high membranous ventricular septal defect 
with a pulmonary to systemic flow ratio of 1-6:1. A biplane 
night ventricular cine-angiogram in the left anterior oblique 
projection again demonstrated the broad-necked diverti- 
culum attached to the right anterolateral aspect of the 
infundibulum (Figs. 1 and 2) The diverticulum had a 
trabecular pattern and contraction identical to the remainder 
of the right ventricle (Figs. 1 and 2). A muscular diverticu- 
lum which contracted synchronousiv with the remainder of 
the nght ventricle was observed at the time of operative 
closure of the ventricular septal defect. 


DiscUsstON 
The right ventricular diverticulum described in 
the above case report is to our knowledge only the 
fourth such diverticulum recorded in the English 
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literature (Carter et al., 1971; Cumming, 1969). 
Cumming (1969) described a nine-year-old boy 
with an atrial septal defect and a small outpocketing 
from the apex of the right ventricle which at autopsy 
was found to be composed entirely of fibrous tissue. 
Two cases of congenital diverticulum located at the 
base of the right ventricle in association with 
tetralogy of Fallot and double outlet right ventricle 
bear a closer resemblance to the diverticulum in the 
current report (Carter et al., 1971). It is of interest 
that associated cardiac anomalies were present in 
each of the three previously-reported cases as well as 
in the current case. 

Angiographic features peculiar to the current case 
were the distinct trabecular pattern nearly identical 
to that present throughout the right ventricular 
chamber and contractions synchronous with the 
remainder of the right ventricle. These findings 
when present, allow differentiation from an acquired 
ventricular aneurysm and an enlarged right atrial 
appendage which lack these two features. However, 
the diverticulum was devoid of a normal trabecular 
pattern in two of the previously described cases 
(Carter et aL, 1971; Cumming, 1969). Moreover, 
the two cases in which selective right ventricular 
cine-angiograms were available demonstrated para- 
doxical expansion of the diverticulum during 
ventricular systole (Carter et al., 1971; Cumming, 
1969), The appearance of a normal trabecular and 
contractile pattern in the current case suggests that 
the diverticulum arises as a consequence of an 
accessory outpocketing developing from the primi- 
tive ventricle. 

The rare but more frequently encountered left 
ventricular diverticula arise from the apex of the 
heart in association with midline truncal musculo- 
skeletal defects (Cantrell et al., 1958; Edgett et al., 
1969). Other types of congenital outpouchings 
from the left ventricle are the isolated congenital 
outpouchings from the left ventricular apex or sub- 
valvular area of the left ventricle which have been 
not infrequently encountered in geographically 
localized areas of Africa (Chesler et aL, 1965; 
Chesler, Tucker and Barlow, 1967; Lurie, 1960), 
and more rarely from other areas (Dimich, 1969; 
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Fic. 1. 

Cine-angiocardiogram in the LAO projection demonstrated 

the diverticulum arising from the proximal portion of the 

right ventricular outflow tract in diastole (A) and systole (B). 

Note that the contractile pattern of the diverticulum is 

svnchronous with that of the remainder of the right 
ventricle. Diverticulum (arrow ). 


Paronetto and Strauss, 1963; Triestman ef al., 
1973). The latter lesions are more properly termed 
congenital aneurysms since their walls are composed 
entirely of fibrous tissue and they expand paradoxi- 
cally during ventricular systole. 

The occurrence of subacute bacterial endocarditis 
and pulmonary embolism in the current case is note- 
worthy since there are reports of bacterial endocar- 
ditis (Chesler et al., 1965) and systemic emboli 


B 


Fic. 2. 
Cine-angiocardiogram in the RAO projection shows the 
substantial variation in size of the diverticulum in diastole 
(A) and systole (B). Diverticulum (arrow). 
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(Chesler et aL, 1967) arising from congenital left 
ventricular diverticula. This observation suggests 
that while a normally contracting right ventricular 
diverticulum appears to be haemodynamically in- 
nocuous, it may be a focus for the deposit of bacteria 
or the formation of intracardiac thrombus. 
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Obituary 
John Mitchell 


The death occurred on Monday, July 21, 1975, of Dr. John 
Mitchell, M.B, ChB, D. M.R.D., Consultant Radiologist 
to the Chesterfield Royal Hospital. He was 47. 

Born in London, John trained and qualified at Leeds 
Medical School. After military service, one of his hospital 
posts was as Casualty Officer in Chesterfield Royal Hospital; 
it is recalled that he was a very good house-surgeon. 

He trained in radiology in Sheffield, and then became 
Registrar and Senior Registrar at the Northern General 
Hospital where he enjoyed the full confidence and became 
the close friend of the consultant radiologists (the late Dr. 
E. K. Abbott and one of us (R. G. Grainger)). In 1965 he 
returned as Consultant Kadiologist to Chesterfield Royal 
Hospital where he was an admirable colleague to Dr. L. L. 
Ralph. John very quickly established a reputation of com- 
petence, trust and reliability which was much appreciated by 
all of his hospital colleagues. 

Jobn was above all a practical man, both in his work, in 
hus leisure pursuits and in the home. He adopted a very di- 
rect approach in all of his radiological work, which gave 
both his patients and his colleagues advice that was always 
succinct, practical and reliable. He was impatient of ir- 
relevance, humbug, fruitless speculation and unnecessary 
investigation. This approach permitted him to concentrate 
on the real issues of medicine and of life, 

John had a pair of gifted hands and a practical brain that 
was unusually adaptable. He became a gifted silversmith 
creating many delightful and artistic articles. He enioved 
restoring vintage cars, working on anything mechanical 
and making major alterations to his house. John was a keen 
gardener, working many hours on his allotment, cultivating 





















vines, brewing (and drinking) his excellent home-made 
beer. He would tackle anything that needed attention. 

. Because of his willingness to help anyone and his absolute 
informality and total lack of artificiality, he had very easy 
and open relations with everyone he met in his hospital work 
or socially. The radiographers took him to their hearts and 
he established an annual very popular tradition of addressing 
the Sheffield and District Radiographic Society, who accord- 
ed him honorary membership. 

John had a partial gastrectomy as à medical student and 
was always aware of the possibility of complication. It was 
therefore no real surprise to him when he himself diag- 
nosed carcinoma of the gastric remnant. During his terminal 
year-long illness, he and his wife Rosemary, displayed 
a remarkable courage. They asked only that everyone of their 
family and friends carry on exactly as before. Between in- 
tensive courses of chemotherapy that would have incapaci- 
tated most men, John returned to work at the hospital and 
was performing aortograms a few days before his death. 

His funeral was attended by a very large number of 
friends from far and wide, reflecting the affection in which 
this kindly, understanding gentleman was held by all who had 
the privilege to know him. 

His wife Rosemary and their four children showed the 
same braveness and practical understanding of the inevitable. 
The Mitchell family became a symbol of courage and faith. 

All of John’s colleagues and his many friends extend to 
Rosemary and her children our sincere sympathy, our res- 
pect and our admiration. 

L. L. Rare. 
R. G, GRAINGER. 
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Abstracts of papers read at the Radiobiology Work-in-Progress meeting held on Friday, October 
17, 1975, in the Reid-Knox Hall, Institute House, 32 Welbeck Street, London W1M 7PG* 


The radiation sensitivity of Dictyostelium discoideum, by N. E. Gillies and N., Hariratnajothi. 

Inactivation and mutation of cultured mammalian cells by radiations of different LET, by J. Thacker and R. Cox. 

Problems in using neutron beams to test the theory of “oxygen production in the track", by Shirley Hornsey and T. Alper. 
Monte Carlo methods for analysing the accuracy of survival-curve parameters, by N. M. Blackett and O. C. A, Scott. 
Effects of radiation and hyperthermia on an in vitro tumour model, by R. E. Durand. 

Renal function in the rat following irradiation, as monitored with a gamma-camera, by F. R. Hudson, B. M. Chauser and 


M. L. Law. 


"olerance of pig kidney to fractionated X-irradiation, by J. Hopewell and R. J. Berry. 


THE RADIATION SENSITIVITY OF “DICTYOSTELIUM 
DISCOIDEUM” 


By N. E. Gillies and N. Hariratnajothi 


Department of Biology as Applied to Medicine 
The Middlesex Hospital Medical School 
London WIP 6DB 


The effect of y rays and ultraviolet light (UV) on the viability 
of unaggregated cells of the slime mould Dictyostelium 
discoideum was examined. 1t was found that during the 
first 30—40 hours after the beginning of germination of the 
spores with bacteria on an agar surface, the cells became 
progressively more sensitive to y rays, Sensitivity to UV was 
constant for the first ten hours after the beginning of ger- 
mination, but it decreased sharply between ten hours and 
20 hours, becoming constant at a new level after that time. 
'The appearance of increased resistance to UV inactivation 
may represent the synthesis of an enzyme system capable of 
dealing with some of the UV damage, but without effect in 
reducing the expression of y-ray damage. It is suggested 
that the increasing sensitivity to y rays may be caused by 
lack of time to repair lesions during the initial period of 
growth after irradiation. 


INACTIVATION AND MUTATION OF CULTURED 
MAMMALIAN CELLS BY RADIATIONS OF DIFFERENT 
LET 
By J. Thacker and R. Cox 


M.R.C, Radiobiologv Unit 
Harwell, Didcot, Oxon. OXL ORD 


Induced mutation frequencies can be measured in irradiated 
mammalian cell cultures by selecting cells which have ac- 
quired resistance to the cytotoxic purine analogue 6-thio- 
guanine. These mutants are deficient in the purine salvage 
enzyme hypoxanthine-guanine phosphoribosyl transferase 
(HGPRT). We have recently established for both human di- 
ploid cells and V79 Chinese hamster cells that a simple 
relationship exists between radiation-induced inactivation 
and the induction of HGPR'T-deficient mutants. Despite 
differences in the radio-sensitivity of the two cell types, 
plots of induced mutation frequency versus log surviving 
fraction show the same linear relationship for both types. 
Radiations of low LET were used in these experiments, 
but preliminary data are now available for radiations 
with LET's in the range 50-200 keV pm. The similarity of 
the mutation-survival relationships for the two cell types 
persists with these radiations, but the relationship may depart 
from linearity at low surviving fractions with radiations of 
LET exceeding 100 keV m~t, For both cell types, the maxi- 
mum RBE for the induction of HGPR'T-deficient mutants is 
approximately twice that found for inactivation, 


*Reprints available from the Editorial Office. 


PROBLEMS IN USING NEUTRON BEAMS TO TEST THE 
THEORY OF “OXYGEN PRODUCTION IN THE TRACK” 
By Shirley Hornsey and T. Alper 


M.R.C, Cyclotron Unit 
Hammersmith Hospital, London W12 OHS 
and Gray Vernon Hospital 
Northwood, Middlesex HA6 2RN 


If the formation of oxygen (or a similarly acting species) 
in the tracks of heavily ionizing particles is a valid explana- 
tion for reduction in oxygen enbancement ratios (OER) with 
increasing LET, it follows that measured values of K should 
be higher at high than at low LET (Neary, 1965). The dif- 
ference in K values should equal the equivalent concentra- 
tion of oxygen produced in the high LET track. Support 
for the oxygen-in-the-track hypothesis came from K-value 
measurements using Shigella flexneri as test organism (Alper, 
Moore and Bewley, 1967)and also from particle beam experi- 
ments using tests independent of the measurement of .K 
values (Alper and Moore, 1967; Alper and Bryant, 1974). 
However, Howard, Gilbert and Green (1974), using the alga 
Oedogonium, and Hendry, Gilbert and Howard (1974), who 
made observations on colony formation by mouse bone 
marrow cells, failed to find that the K value "for neutrons" 
was greater than for X rays. Cullen (personal communica- 
tion) has likewise found no difference in K values for cul- 
tured mouse ascites tumour cells with X rays and fast 
neutrons. 

The apparent disagreement can be explained by an 
examination of the OERs for the different secondary char~. 
ged particles produced in the neutron beam. These can be 
considéred in two groups, the very densely ionizing a and 
heavy recoil particles and the less densely ionizing knock-on 
protons. For mammalian cells in culture Bewley, McNally 
and Page (1974) and Broerse, Barendsen and Van Kersen 
(1968) showed that the OER for the « and heavy recoils 
was 1. The RBE for these particles was high, so, although 
the a and heavy recoils gave only 20 per cent of the physical 
dose they were responsible for about 50 per cent of the bio- 
logical damage. The OER for the neutron beam as a whole 
is therefore very dependent on the relative RBE values for 
the « plus heavy recoils and for the knock-on protons. 
With Shigella the RBE for the heavy recoil particles 1s 
probably less than 1 so they are responsible for Jess than 20 
per cent of the biological effect. This explains the difference 
in the gain factor (OER X rays/OER neutrons) observed for 
entero-bacteria and mammalian cells (Alper and: Moore, 
1967). | 

Where the OER for the a's and heavy recoils is 1, the Æ 
value for the neutron beam will reflect the K value for the 
proton component in the dose only; a maximal estimate of 
the average [Os] in the track from these particles is 1 yM 
and this would be too small to be detected as a difference in 
K values for any test system for which the K value was more 
than about 5 uM. 
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Neutron beams are therefore unsuitable sources of high 
LET radiation to test Nearv's hypothesis, but the results 
which have been obtained with them are not inconsistent 
with the hypothesis. 
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MONTE CARLO METHODS FOR ANALYSING THE 
ACCURACY OF SURVIVAL-CURVE PARAMETERS 


By N. M. Blackett and O., C. A. Scott 


Institute of Cancer Research 
Royal Marsden Hospital 
Sutton, Surrey SM2 5PX 


A means for investigating the accuracy of estimates of 
radiobiological parameters is described, which makes use 
of a computer to generate hypothetical survival-curve data 
(using random numbers) based on defined values of Do and 
N. "This data can be used to obtain estimates of Do and N by 
whatever method of curve fitting is desired. Repetition of 
this process many times gives the mean estimated value and 
its standard deviation. Different sources of experimental 
variation can be introduced that may conform to different 
distributions thus allowing one to depart from standard 
statistical assumptions such as normally distributed errors 
and independence of individual measurements. 

The possibility of introducing bias into the estimates of 
radiobiological parameters and the size of the standard 
error can be compared for different curve fitting procedures 
for circümstances closely resembling those obtained in 
practice, Application of this method to the Pike-Alper pro- 
gram for determining dose modifying factors confirms that a 
considerable improvement in the accuracy of the estimate 
of the Do ratio is obtained provided the N values for the 
two curves are the same, 

However if the N values are not the same the method 
mitroduces a systematic bias into the estimate of the Do 
ratio so that the true ratio can be outside the 95 per cent 


confidence limits given by the program. This demonstrates 
the need for external evidence that the two N values are the 
same before the program can be used correctly. 

The method described can be applied to a wide variety of 
problems without requiring a detailed mathematical know- 
ledge of statistics. 


EFFECTS OF RADIATION AND HYPERTHERMIA ON AN 
"IN VITRO" TUMOUR MODEL 


By R. E. Durand 


University of Wisconsin 
Madison, U.S.A. 

Hyperthermia has recently received attention as a potential 
anti-cancer agent, due in part to preliminary observations 
that hvpoxic cells may be more thermosensitive than well- 
oxvgenated cells. Histological observations of heat-treated 
multicell '*spheroids"', in £n citro tumour models which dis- 
play central hypoxia and necrosis similar to that observed 
in many nodular tumours in vivo, tend to support this sugges- 
tion. However, quantitative hyperthermic studies of the 
viability of individual cells from the hypoxic and well- 
oxygenated regions of spheroids have not proved as 
optimistic. | 

The thermo-resistance of cells grown as small spheroids 
is increased above that of single cells, analogous to the 
enhanced radioresistance previously observed under these 
growth conditions. A further increase in thermo-resistance 
has been noted for larger spheroids, apparently due to the 
accumulation of non-cycling, heat-resistant cells. In still 
larger spheroids, the development of hypoxic cells does not, 
however, lead to appreciable thermal sensitivity. 'Thus, the 
hyperthermic killing of spheroid cells is qualitatively similar 
to killing by radiation. 

Heat can, however, be effectively used as an adjuvant to 
radiation. The synergistic interaction between the modalities 
is well known, but a further potentiation has been observed 
in the spheroid system. The latter effect is apparently due to 
changes in metabolic activity of heated cells—that is, the 
respiration (oxygen consumption) of cells is inhibited at 
temperatures greater than 42°C, leading to greater pene- 
tration. of oxygen into the spheroid with a concomitant 
increase in net cellular radiosensitivity. Thus, hyperthermia 
indirectly potentiates the response of the previously hypoxic 
cells, This may account, at least in part, for the apparent 
enhancement of hypoxic-cell-killing by combined treatment 
with heat and radiation. 


RENAL FUNCTION IN THE RAT FOLLOWING 
IRRADIATION AS MONITORED WITH A GAMMA-CAMERA 


By F. R. Hudson, B. M. Chauser and M. P. Law 


Medical Physics Department and M.R.C. Cyclotron Unit 
Hammersmith Hospital, London 


Effective renal plasma flow (ERPF) in the rat was measured 
by monitoring the uptake and clearance of !??]-hippuran, 
using a gamma-camera coupled to a computer for data 
processing. À pinhole collimator was employed to give 
clearly-defined images which were used to estimate plasma 
flow to each kidney. Normal values of total ERPF in the 
rat were found to be 2-9 ml./minute/100 g body weight. The 
technique has been used to monitor the effects of single 
doses of 1,000, 2,000, and 3,000 rads 250 kVp X rays on a 
single kidney. Major renal failure was observed 18 weeks 
after 2,000 rads and slightly earlier after 3,000 rads. Renal 
failure may be related with the development of fibrosis and 
collagen deposition, The collagen content of each kidney was 
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measured by estimating hydroxyproline, an amino acid 
which is specific to collagen. It was increased in irradiated 
kidneys 20 weeks after doses of 2,000 and 3,000 rads. There 
was a positive correlation between collagen content and loss 
of kidney function. This was independent of dose suggesting 
that they may be causally related. 


TOLERANCE OF PIG KIDNEY TO FRACTIONATED 
X-IRRADIATION 


By J. W. Hopewell and R. J. Berry 


Research Institute 
Churchill Hospital, Oxford 

The effects of X-irradiation on the kidney of the Large 
White pig has been used as a model for determining time 
and fractionation factors for predicting renal tolerance. In 
each animal one kidney was irradiated with one of six frac- 
tionation régimes; single doses, 6 or 14 fractions in 18 days 
and 6, 14 or 30 fractions in 39 days. Renal tolerance was 
determined by the presence or absence of significant func- 
tion in the irradiated kidney, as compared with the con- 
tralateral unirradiated kidney in the same animal, using 
131] Hippuran renography. — 


The levels of renal tolerances obtained six months after 
treatment with the fractionated doses are confirmed by sub- 
sequent renograms carried out for periods up to two years 
after treatment. For kidneys treated daily (14F/18 days 
or 30F/39 days) with total doses 15 to 30 per cent below 
tolerance, however, a transient loss of function was observed 
18 months after treatment, Function had returned in these 
animals at two years, 

Kidney weights obtained when animals were killed sup- 
ported the levels of tolerance obtained by functional studies. 
Kidneys with no function weighed less than 30 g while those 
showing evidence of function had weights in excess of 80 g. 

The tolerance levels obtained showed that renal tolerance 
could not be predicted by a simple mathematical formula. 
The fractions exponent was found to vary with the overall 
treatment time (0-24 for 6 and 14 fractions in 18 days and 
0-49 for 6, 14 and 30 fractions in 39 days) as did the time 
exponent for a fixed number of fractions (0-11 for 6 frac- 
tions given between 18 and 39 days and 0-38 for 14 fractions 
given over the same time period). 

The levels of renal tolerance determined in the pig 
correlated well with accepted levels of tolerance used in 
clinical practice. 





Book reviews 


MRC Report 1975: Criteria for controlling radiation doses to 
the public after accidental escape of radioactive material, 
pp. vii-+ 48, 1975 (H.M.S.O.), £1-30. 

Previous MRC Reports (1959-61) have also dealt with this 
topic, but new metabolic and dosimetric data made available 
over the past 14 years have enabled revised and more 
comprehensive calculations to be made of the levels of radia- 
tion dose that warrant remedial action in the event of the 
accidental escape of radioactive materials into the environ- 
ment. While the ICRP have recommended criteria for re- 
gulating “controllable” exposures, it is appropriate that the 
MRC should provide criteria for "uncontrolled sources” 
since these would specifically refer to social conditions in 
the United Kingdom. 

'The Council have revised their emergency reference 

levels of dose (ERLs) for various body tissues and the 
data used and methods of calculation. are given in the 
appendices of the report. The report also discusses the 
release of radionuclides that could occur when an operating 
reactor is involved in an accident and concludes that in 
addition to $*Sr, Sr, isotopes of iodine, !9"Te and !3*Cs, 
other nuclides such as *4?Cm, 9?Zr, Ru, Ba, and !44Ce 
might also be of importance as far as internal radiation doses 
are concerned. 
The intention of the report is to give guidance to all who 
are concerned with plans for the public in the event of a 
release of radioactive material. It recommends that there 
should be a "single standing body” namely the National 
Radiological Protection Board to advise on the interpreta- 
tion and application of the general principles discussed in 
the report. 

'The report deals in detail with ERLs for isotopes of 
iodine, 137Cs, 8°Sr and °°Sr in air and milk and pasture and 
those for insoluble particles in lung. Although as stated the 
report is intended for those who might be engaged in taking 
counter-measures to reduce the radiation exposure to in- 
dividuals or populations it will also be of scientific interest 
to all who are engaged in radiation protection. In addition 
it contains useful dosimetric data, 

T. H. E. BRYANT. 


Radiology in Primary Care. 17 authors, Edited by Glenn V. 
Dalrymple and John E. Slayden, pp. 330, 1975 (Saint 
Louis, The C.V. Mosby Co., distributed in Britain by 
Henry Kimpton), /11-25. 

This book is directed toward the primary physician in 
training and practice, says the Preface. You might inno- 
cently suppose that it would therefore aim at teaching 
clinicians how to make best use of their X-ray departments 
and radiologists. In fact, this book is for those in medical 
practice who want to set up their own X-ray suite alongside 
their consulting-room, with hardly a radiologist in sight. 

The volume is concise and remarkably comprehensive, 
taking in the basic physics of X-ray production and ab- 
sorption, design of the X-ray room, equipment, radiation 
protection and biology. The bulk of the book describes and 
illustrates the basic radiographic projections, including 
exposure factors, with simple examples of abnormal radio- 
graphs. As it is meant for general practice, its longest chap- 
ter is rightly that on orthopaedics. Intravenous urograms 
and cholecystograms are discussed in detail, but the 
do-it-yourself approach stops short of special examinations 
like barium meals. 

The immediate reaction of radiologist readers could be 
unprintable, because this is of course heresy, poaching, 
putting the clock back, etc. Indeed, the pitfalls of amateur 
radiological practice are lit up by the book's plea that the 
doctor should engage a qualified radiographer, rather than 
train his own staff. 'T'he implication is that someone un- 
qualified might commonly do the radiography in this setting. 

At first sight the possible appeal of this book in Britain 
appears rather limited—it is not for the radiologist in train- 
ing. But whether radiologists can or should cope with the 
whole burden of X-ray services is now under discussion 
here (see "Must radiologists do all the reporting", B.-R., 
July, 1975, p. 517). If general practitioners interested in 
radiology come to look after an X-ray room in the small 
community hospital, this book would make a very good 
primer for them. 

T. SHERWOOD. 
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Tse Enrron-—Sin, 
UPTAKE OF PERTECHNETATE IN MAMMARY TISSUE 

In à recent case report Carmody and Highman (1975) 
described unusual activity in the mammary tissue of a 
patient who underwent a lung scan two days after delivery. 
It was calculated that the patient had received 225 pCi of 
free pertechnetate. 

The authors stated that they could find no references to 
pertechnetate concentrations in active mammary tissue, and 
they commented that they were unable to obtain a sample of 
breast milk to ascertain any possible hazard to the infant. 

Although not relating to mammary tissue as such but 
rather to the milk content thereof, I would like to draw your 
attention to a case report (Wyburn, 1974) in which was 
described the milk excretion levels of four nursing mothers 
who had received technetium compounds. Substantial 
levels of "Tc? were demonstrated in the milk, one case 
receiving 12 mCi of ""T'c* pertechnetate having a level of 
0-61 pCi/ml. two hours after injection. Other authors 
(Vagenakis, Abreau and Braverman, 1971) reporting on a 
single case receiving 10 aCi of pertechnetate, described 
levels which at one stage, 22 hours after injection, were 44 
times the level found in one of my reported cases receiving a 
inilar activity. No earlier samples were, however, taken in 
this case, 

Taking into account the large range in thyroid uptake of 
pertechnetate in the infant and the range in milk consump- 
tien, an acceptable level for commencing breast feeding was 
postulated as one-tenth of the maximum level for continu- 
ous exposure as recommended by the ICRP, £e. 6 x 10-3 
BCií/ml. In a case receiving 225 «Ci of pertechnetate it 
seems probable from my data that this level would have 
occurred in the milk from 4. to 12 hours after injection. It is 
important to note, however, that the maximum milk acti vity 
ievels reported to date from pertechnetate injections would 
seem insufficient to account for an activity in the breast 
which would show up'on a scintigram if an activity of only 
225 aCi were given. Possibly the range of excretion levels 
is even greater than previously reported or there is a hi gh 
tissue milk ratio. 





Yours, etc., 
J. R. WYBURN 
Department of Medical Physics, 
Reval Perth Hospital, 
Perth, W. Australia. 
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‘Tan Eprrog--Sim, 
MEASUREMENT OF PNEUMOCONIOSIS IN CHEST RADIOGRAPHS 
| BY COMPUTER 
In epidemiological studies it is sometimes necessary to 
assess the severity of pneumoconiosis in each of several 


thousand chest radiographs. In each case the radiological 
question to be answered is not “Is this chest film abnormal?" 
but "How severe is the pneumoconiosis evident in this chest 
film?" where severity is to be measured on the 12-point 
scale adopted as the basis of an internationally agreed set 
of rules for the "measurement'' of pneumoconiosis in chest 
hlms (ILO, 1970). Since so many films are involved 
and the question to be answered is so comparatively well 
defined, we may reasonably ask whether the assessment can 
be made by a suitably programmed computer. 

We describe the performance of a computer program for 
measuring pneumoconiosis in chest films. The 93 films used 
in this study are chest radiographs of coal-miners in the 
Rhondda, and have been chosen to include a high propor- 
tion of the smallest (p-type) opacities. Each film has been 
independently read by Dr. J. C. Gilson and Dr. A. L. 
Cochrane who are acknowledged experts in this field. No 
attempt was made to select only films of good radiographic 
quality, 

Two computer programs (Jagoe and Paton, 1975; 1976), 
were applied to each film, first to decide which areas should 
be considered (by the computer) as the lung fields and 
second to define a value which we call the computed score 
for each film. 

In order to compare the computed score with the score 
assigned by the human observer it is necessary to replace 
the ILO 12 point scale of (0/-, 0/0, 0/1, 1/0, 1/1, 1/2, 
2/1, 2/2, 2/3, 3/2, 3/3, 3/4) by a numerical one. We follow 
Rossiter (1972) in using the values (—1-44, —0-22, 0-72, 
1-12, 1-43, 1-78, 2-04, 2-50, 3-04, 3-42, 4-24, 5-36). Thus an 
ILO score of 0/~ is equivalent to one of —1:44 Rossiter 
units. 

Figure 1 shows the distribution of computed score and 
Dr. Gilson's score for the 93 films. The correlation is 
0-64. This value is to be interpreted in the light of Fig. 2 
which shows the distribution of Gilson-scores and Cockrane 
score for the same 93 films. The correlation between the 
scores assigned by these two highly skilled human ob- 
servers 1s 0-72. 
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If the 93 films used in this study are typical of those 
encountered in epidemiological werk then the computer 
programs we have developed may form the basis of an 
automatic method of measuring pneumoconiosis for use in 
epidemiological work. 

Yours, etc., 
J. R. JAGOE. 
K. A. PATON. 
Clinical Research Centre, 
Watford Road, 
Harrow, 


Middlesex HA1 3UJ. 
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THe Eprrong-— Sin, 
RE-EVALUATION OF PUBLISHED Neutron RBE VALUES FOR 
MOUSE INTESTINE 

The intestinal microcolony assay technique (Withers and 
Elkind, 1970) which measures the survival of mouse in- 
testinal crypts, has been used by several authors (detailed 
below) to determine neutron RBE values at different 
centres. 'The values have shown a marked variation. Recent 
informal neutron dosimetry intercomparisons between 
centres has enabled the RBE values to be compared with 
reference to a common dose standard. 

Neutron sources are referred to by site name, £e. D-T 
neutrons at Manchester and Rijswijk, and Cyclotron- 
produced neutrons at Hammersmith and Houston (Tam- 
vec). Neutron dose-rate has an extreme range of 10 to 100 
rad/min in the experiments. Dosage intercomparisons 
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Curve A and solid squares—Hammersmith, 16 MeV D on 
Be (Hornsev, 1973). 
Curve A and solid triangles— l'amvec, 16 MeV D on Be 
(Withers et al, 1974). | 
Curve B and open circles—Manchester, collimated 14 MeV 
D-T (Hendry et al., 1975). 
Curve C and solid circles—repeat of B at 10 cm depth 
(Hendry et al., 1975). | 
Curve D and solid inverted triangles— l'amvec, 50 MeV 
D on Be (Withers et al., 1974). 
Curve E and crosses—Rijswijk, uncollimated D-'T (Broerse 
et al., 1971; Broerse and Roelse, 1971). 
Curves A and E’—curves A and E respectively, before doses 
modified to common dose standard. 


have been performed between Manchester and Riiswiik, 
Hammersmith and Manchester, and Tamvec and Hammer- 
smith. An arbitrary reference standard of Manchester/ 
Tamvec is adopted here, as quoted doses at these two 
centres differ by only 1 per cent. On these considerations, 
published neutron doses have been multiplied by factors of 
1-0 (Manchester), 0-99 (Tamvec), 1:11 (Hammersmith) 
and 0-93 (Rijswijk). The resultant RBE comparisons are 
shown graphically in Fig. 1, on a (modified) plot described 
by Alper (1972). A horizontal line on such a plot would 
represent the RBE as a constant dose-modification factor, 
irrespective of the fractionation régime. Log RBE is used 
for the ordinate, so that dose-modification is demonstrated 
by a vertical shift in a line (i.e. parallel lines). 'The dose per 
fraction of the reference radiation is shown on the abscissa, 
as apart from the evidence of Broerse (1969), the response 
of this tissue to 300 kV rays (30 or 650 rad/min) or 
137Cs y rays (540 rad/min) (Hendry, Major and Greene, 
1975), and 250 kV X rays or 7 MeV X rays (200 rad/min 
(Hornsey and Silvester, 1974) is found to be similar. 
In general, RBE is a function of dose, and at high doses it 
approaches a limiting value which is given by the Do ratio. 
This value corresponds to zero on the lower abscissa in 
Fig. 1. For single and fractionated doses, the RBE values 
have been read from the top and bottom of published curves, 
where data have been presented between about 80 per cent 
and about 1 per cent crypt survival. 
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The data in Fig. 1 show the marked change in RBE with 
dose per fraction for this tissue, and the difference in 
response to various neutron beams. The original published 
RBE values (curves A’ and E^) show a more marked diver- 
gence than is present when the physical dose measurements 
sre referred to a common standard. The RBE values for 
neutrons generated by 16 MeV D on Be at two independent 
centres (Hammersmith and ''amvec) are brought into agree- 
tnent, and the values for neutrons generated by 50 MeV 
D on Be are intermediate between those for collimated and 
uncollimated 14 MeV D-T neutrons. (It is of interest that 
the results of Withers, Brennan and Elkind (1970) for un- 
collimated 14 MeV D-T neutrons fall precisely on the 
curve E^.) The slopes of the lines in Fig. 1 for cyclo- 
tron neutrons are im general higher than those for D-T 
neutrons, indicating an expected greater "shoulder reduc- 
ton” with these beams. 

At 500 rad X rays per fraction--the lowest dose where 
RBE comparisons are still possible-—estimated RBE values 
are 3-40 (curve A), 2-85 (B), 2-65 (C), 2:55 (D), and 2-20 (E). 


D 


The intestinal microcolony assay is one biological system 
that could be used as a "biological dosimeter” for radiations 
of different LET (e.s. Berry, 1974). However, the univer- 
sality of such comparisons is uncertain, as there is some 
disagreement as to whether RBE values for this tissue are 
similar to those for other tissues (e. g. van der Kogel and 
Barendsen, 1974) or slightly higher, e.g. 20 per cent higher 
than for skin (Field and Hornsey, 1971). 

Yours, etc., 
J. H. HENDRY, 
D. GREENE. 
Paterson Laboratories and Department 
of Physics, 

Christie Hospital and Holt Radium Institute, 
Wilmslow Road, Withington, 
Manchester M20 9BX, 
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‘THe Eprror-—Sir, 

ABSORBED DOSE TO THE BLADDER FROM Tem DTPA 

In the course of renal scanning using "Tee DTPA, it 
became apparent that the generally quoted dosimetry, with 
an absorbed dose to the bladder of 555 mrad. mCi- 
(Hauser, Atkins and Nelson, 1970), was incompatible with 
the accepted routine use of 10-15 mCi or 200 p Ci. kg! of 
"Te" DTPA (Atkins et al., 1973; Handmaker, McRae and 
Buck, 1973; Kilburn, Howlett and Gilday, 1973). However, 
the value quoted above was determined on the assumption 
that the activity all remained in the body, i.e. the patient 
does not pass urine. À more realistic value for bladder dose 
can be obtained if the patient is assumed to form and pass 
urine. 

The absorbed dose to the bladder from radionuclides in 
urine has been studied by Unnikrishnan (1974), with 
particular reference to !?!T-Hippuran. He assumed either 
that the whole activity enters the bladder at zero time or the 
activity enters the bladder at a constant rate, and that once 
micturition is achieved, no more activity enters the bladder. 
Unnikrishnan points out that the MIRD pamphlet No, 5 
(Snyder, et al., 1969) gives the absorbed fractions for a static 
bladder plus contents whereas in reality the bladder wall is 
the target region (Cottrall, Taylor and Unnikrishnan, 1971). 
Consequently he determined the absorbed dose resulting 
from photon irradiation by employing the results of Snyder, 
Ford and Warner, (1970), who have evaluated the dose rate 
at the bladder wall from monoenergetic gamma emitters for 
seven specific volumes of contents ranging from 0 to 500 
ml. Since the volume of the bladder is continuously chang- 
ing, application of this method in the present case requires 
careful interpolation. In view of this, it is more straight- 
forward to employ a direct analytical method of calculation. 

In the model presented here the ?*'T'c» DTPA is assumed 
to be cleared in a single exponential manner to a spherical 
bladder by glomerular filtration. The flow rate of urine into 
the bladder is constant. T'he volume of the bladder increases 
linearly with time until some elapsed time T when the 
bladder empties instantaneously and its volume returns to 
zero. The cycle of re-filling and emptying continues indefi- 
nitely with a period of T. The period T is referred to in the 
text as the bladder emptying period. 

The decay system for ?"'T'c is presented in Table I. For 
the purpose of the present calculations, the average energy 
(F) released in each internal conversion is taken to be 0-125 
MeV. This comprises the kinetic energy of the conversion 
electrons plus the energy of the Auger electrons weighted by 


the fluorescence yield for Tem, 
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The exposure rate due to the photon radiation at some 
time t on the surface of a sphere of radius y (t) cm, including 
absorption and scattering of radiation within the sphere, 
may be shown to be (Morgan and Emerson, 1967). 


Qe 1 er tert) | 
xo-rsoT[1-— —] . .a 
(0 (0 A Ir (1) 


where T is the exposure rate constant for ?"Tcm (P—0-72 
Rcm?h-imCi-!; McAfee and Subramanian, 1969), and p is 
the energy absorption coefficient in water at 141 keV (p= 
0-027 cm1; ICRU, 1970). 

S (t) is the activity of 9"T'c? per unit volume in the sphere 
at time £, given by 


S(t) = ox 1 me Atea i . . (2) 


ra- [E o. 0 


'The absorbed dose on the surface of the sphere in the first 
period T resulting from gamma irradiation is 


5 
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where f is the Röntgen to rad conversion factor for soft 
tissue at 141 keV (f= 0-96). 

If r (t) is much greater than the maximum range of the 
conversion electrons, the absorbed dose rate (rad.h-!) 
resulting from conversion and Auger electrons at time t on 
the surface of the sphere 1s 


3(0—106556n S(Q E. . . . . . (5 


(Young, 1967) 
where n is the number of electrons of energy E (MeV) 
emitted per disintegration. 

The absorbed dose on the surface of the sphere in the 
first period T resulting from electron irradiation is 


T 
De —«1065-6n E s | È a ees dtrad . (6) 
J : 


Equations (4) and (5) are evaluated numerically using 
Simpson’s rule of numerical integration. Since the bladder 
is continuously re-filling and emptying, the total absorbed 
dose to the internal bladder wall will be 
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Biadder emptying period 2 Out 


Fic. 1. 


Electron dose, y-ray dose and total absorbed dose to the 
internal bladder wall as a function of bladder emptying 
period. | 
Injected activity, 1 mCi 
Urine production rate, 90 ml.h^ 
Blood half-clearance time, 1:5 h. 





Fic. 2. 


Variation of total absorbed dose with bladder emptying 
period for different urine production rates {F}. 
Injected activity, 1 mCi 
Blood half-clearance time, 1:5 h. 


The total absorbed dose (Dr), together with the contri- 
butions from the photon and electron radiations, are plotted 
as a function of bladder emptying period (7) in Fig. 1 for 
an injected activity of 1 mCi (A), a typical urine production 
rate (F) of 90 ml.h-! and a blood half-clearance time of 1:5 
hours (corresponding approximately to a glomerular 
filtration rate of 120 mLmin-!). The maximum range in soft 
tissue of the conversion electrons is 0-02 cm and consequent- 
ly at depths in the bladder wall greater than this, only the 
photon radiation will contribute to the absorbed dose. 

Figure 2 shows the variation of total dose per mCi with 
bladder emptying period for different urine production 
rates. 

It can be seen that it is important that the patient should 
be well hydrated and encouraged to pass urine frequently 
after the examination. Provided these precautions are 
ee the bladder dose is kept well within acceptable 

imuts. 
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Yours, etc., 
| B. L. Dirrey 
Medical Physics Department, 
Kent and Canterbury Hospital, 
Canterbury, 
Kent CT1 ING. 
A. J. W. Hinson 
Department of Nuclear Medicine, 
Guy's Hospital, 


London SE1 9RT. 
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Tre Eprron-—51R, 
COMPARATIVE EFFECTIVENESS Or RADIOTHERAPY 
‘TREATMENT SCHEMES 

‘Phe recent publication of a letter in your Journal (Ellis, 
1974) discussing the comparative effectiveness of a variety 
of radiotherapy treatment schemes has prompted me to 
question the validity of the application of the '"Target 
Theory", which appears to be universally accepted, to the 
interpretation of cell survival data. 


"Best fits" can always be obtained for any collection of 
data, but for grapbs exhibiting high extrapolation numbers, 
best fits are invariably poor fits at low dosage. 1f, for ex- 
ample, the single-hit multi-target expression used bv Ellis 
were to be applied to a single exposure of 200 rads under the 
conditions quoted from Dewey (1971), a survival of 92 per 
cent would be expected, whereas a figure near to 50 per cent 
is given in the original paper. It should be noted that for- 
mulae of this type are strictly only true at the values of 
dy and N from which they were derived. They may not, in 
general, be taken as equations to the curve containing these 
points and may well be grossly inaccurate when applied at 
threshold (e.g. treatment) levels if do and the extrapolation 
number have been derived from the "straight line" portion 
of the survival curve. 

For practical purposes, many of the published survival 
curves can be very closely represented by an empirical law 
of the form 


Seem? o. ‘ ; . (1) 


It is found, for example, that the published curve due to 
Dewey, referred to above, can be very closely matched by 
putting n—8-00 and p--1-52 when the dose, x, is given in 
kilorads. 


closely fitted by a curve of the same form in which m= 5-49 
and p:-1-48. The corresponding curve for anoxic cells, 


dependence contained within this expression may be equa- 
ted with that contained within the multiple application of 


equation (1), then x1? — »nx4? and - —1 —k. 


a eee | n | N 
m (n9^9 pOL v9 y r | 9 1liPnya4P when 5— 1:538, so that 


— log S = manxa? when n= t also. 

It should be noted, however, that curves of similar shape 
can be produced from consideration of competitive mass- 
action repolymerization within the cell following irradiation 
but before restitution of proliferation. Similar mathematical 
considerations have been made by Sacher and Trucco (1966) 
to the regeneration of cell populations after irradiation, 
but applied to the division of intact cells. 

If it is assumed that the instantaneous apparent survival 
following short-duration exposure is entirely exponential 


(Le. So=e-@*), then recovery will proceed to the observed 
value 
fof \ e 
"y = i s MOD H 
S So e (e - tja e. D 


where Soo = e-?* js an upper bound to potential recoverv. g is 
a monotone decreasing function of time which could take 


: : t\-7 
the form exp < — y (1-e#*) j or say (-) depending upon the 
L avy 


differential equation that is chosen to characterize the 


An illustration of this may be obtained by reference to 
Winans, Dewey and Dettor (1972), in which the data re- 
produced in their Fig. 5, describing cellular repair processes 
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at 37°C and 20°C, can be closely matched by putting 
a, B and q equal to 12-8, 3-13 and 0-004 and 12-1, 2:79 and 
0:003 respectively. 

I am not able to offer any unique mathematical connection 
between formulas (1) and (2) but suggest that they may be 
useful separately as follows: 

Equation (1), or its NSD counterpart involving time, 
might be employed to advantage in practical radiotherapy 
to calculate comparative cell survival distributions through- 
out a course of treatment. 

The mechanism of cellular damage and repair is better 
represented by the second expression in which the effects 
of anoxia and other protective agents are related to a low 
value of 8 whilst, conversely, a high value of 8 would be 
expected as a result of high density LET or the presence of 
chemical agents which inhibit repolymerization. 


Yours, etc., 
J. P. HUGGETT. 


8 St. Andrew's Park Road, 
Southborough, 
Tunbridge Wells, Kent TN4 ONL. 


Book reviews 


Traité de Radiodiagnostic, Vol. 17-2. Stomatologie, patholo- 
gie maxillo-faciale", by P. Cernea; “Pathologie pharyngo- 
laryngee", by G. Dulac, pp. ix 4-535, 1975, 595f. 

This volume, written in French, deals with the radiology 
of the facial structures, oral cavities, pharynx and upper 
respiratory tract in considerable detail. The subject is pre- 
sented in a simple, lucid and concise style which makes it 
suitable reading for the Fellowship examination, and it is 
profusely illustrated with well-chosen radiographs of ex- 
cellent quality, each of which is accompanied by a detailed, 
labelled, line-drawing and a caption describing the im- 
portant features being illustrated so that the book can be 
used as an atlas. 

The text is well balanced, most space being given to the 
commonly-used conventional methods of examination. The 
importance of carefully performed tomography is stressed 
and amply illustrated. In addition, there are chapters 
on the use of radio-isotopes in the diagnosis of conditions 
of the salivary glands and on carotid and vertebral angio- 
graphy, phlebography and lymphography. 'The chapter on 
arteriography is disappointingly brief in view of the fact 
that it is not uncommonly used im cranio-cervical conditions 


in some French centres, but this is offset by inclusion of 


selected references in this and in other chapters. The work 
is a good reference book with a detailed index. 
B. KENDALL. 


Atlas of Brain Anatomy for E.M.I. Scan. Prepared by 
Fred Shipps, Tony Madeira, Howard Huntington and 
Ray Wing, pp. 15, 1975 (Illinois, U.S.A. Charles C. 
Thomas), 36.00. 

This book simply shows brains cut in horizontal sections 
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in planes parallel to the orbitomeatal line and at 15 deg. to 
it at the levels commonly traversed by the E.M.L Scanner. 
There are ten such sections, and the major structures shown 
on six of them are labelled on acetate overlays. There 1s also - 
a chart showing coefficients of absorption. There is no text. 

Unfortunately the labelling is not really extensive and 
detailed enough to be of value to any but the most un- 
initiated and one or two structures are labelled incorrectly. 

Most neuroradiological departments using the scanner 
will already have made such sections for themselves, but 
there is undoubtedly a place for an atlas on similar lines, 
preferably combining anatomical sections with computed 
axial tomograms. 'T'his one cannot really be recommended in 
its present form. 

B. KENDALL 


The Superficial Veins of the Human Brain. By Henri M. 
Duvernay, pp. viii -- 110, 1975 (West Germany, Springer- 
Verlag), $35.90. 

This book presents a detailed description and simple 
classification of the veins of the brain stem and base of the 
brain; it is based on a study of 50 beautifully prepared in- 
jected specimens and a review of the literature, much of 
which is recent and will be familiar to neuroradiologists. 

Most of the book is taken up by an atlas of the expertly 
photographed and labelled specimens and there are diagrams 
depicting the more usual venous anatomy. The text is quite 
brief, but comprehensive and it is recommended as a source 
of anatomical reference for neuroscientists. 

B. KENDALL. 


199 


1976, British Journal of Radiology, 49, 200-201 


Forthcoming events and other notices 


The editors have decided that owing to the extreme shortage of space in the British Journal of Radiology, the 
"Forthcoming events and other notices" section will in future only carry notices of general interest and 
meetings announcements specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meetings announcements in the B/R BULLETIN which is 


distributed quarterly to all members. 


The following meetings is to be held at Institute House, 
32 Welbeck Street, London WIM 7PG. 
iur Use or HYPERTHERMIA AND NON-IONIZING RADIATION 
IN THE TREATMENT or Cancer, May 21, 1976 
Further information from the General Secretary. 


RADIONUCLIDES IN Tumour LOCALIZATION AND STAGING 
An all-day meeting organized by the Nuclear Medicine 
Committee of The British Institute of Radiology is to be 
held at the Middlesex Hospital, London, W.1, on Wednes- 
day, February 18, 1976, 

Further information from the General Secretary, at 32 
Welbeck Street, London, W.1. 


SECOND-STAGE CARCINOMA OF THE CERVIX 
À meeting organized jointly by the Royal Society of 
Medicine, Section of Radiology, The British Institute of 
Radiology and the Royal College of Radiologists, to be 
held February 20, 1976. 
For further information please contact Royal Society of 
Medicine, 1 Wimpole Street, London, W.1. 


BRITISH NUCLEAR MEDICINE SOCIETY ANNUAL MEETING 

With the Hospital Physicists Association, is to be held on 
March 25-26, 1976, at the University of London Students 
Union, Malet Street, London, W.C.1. 

Further information from Dr. D. N. Croft, Department 
id Nuclear Medicine, St. Thomas’ Hospital, London SE1 
7EH. | 


ANNUAL CONGRESS AND SCIENTIFIC EXHIBITION 
To be held on April 8-9, 1976 at the University College, 
London. For information and registration please contact 
the General Secretary, British Institute of Radiologv, 32 
Welbeck Street, London W1M 7PG. 


RabtoLOGY or VISCERAL Venous OBSTRUCTION 
The Mackenzie Davidson Memorial Lecture, by Dr. M. 
Viamonte, Director of Radiology, University of Miami, 
School of Medicine, to be given at the University College, 
London, April 8, 1976, 


INSTITUTE OF ACOUSTICS SPRING CONFERENCE 1976 

To be held at Engineering and Science Building, Liver- 
pool Polytechnic, Byrom Street, Liverpool 3, April 12-14, 
1975, 

Contributions are invited and should be submitted to 
Dr. R. Lawrence, Principal Lecturer, Acoustics Group, 
Physics Department, Liverpool Polytechnic. 

Further information and registration from "The Secre- 
tary, Institute of Acoustics, 47 Belgrave Square, London 
SWIX SQX,. | 


MEDICAL maces: FORMATION, PERCEPTION AND 
NIEASUREMENT 

The Seventh L. H. Gray Conference, which will be 
concerned with the fundamentals of medical images, 
will be held at the University of Leeds, England, on 
April 13-15, 1976. 

Address for further information: Dr. M. J. Day, Regional 
Medical Physics Department, Newcastle General Hospital, 
Newcastle upon Tyne NE4 6BE, England. 





POSTGRADUATE COURSE IN TOMOGRAPHY OF THE TEMPORAL 
Bone 

To be held in Copenhagen, June 3-4, 1976. The course is 
sponsored by the [.C.R., the A.E.R. and the Scandinavian 
Association of Radiologists, and will be directed by Dr. 
Sam Briinner, president of the Congress. 

For further information and registration, please contact 
Dr. Paul E. Andersen, Department of Radiology, Univer- 
sity Hospital, 5000 Odense, Denmark. 


Hr&ALTH Prysics Summer SCHOOL 
The 17th annual Summer School in Health Physics 
(Radiation Protection) will be held at Imperial College 
from June 21 to July 2, 1976. 
Inittal enquiries should be sent to Dr. H. D. Evans, 
Department of Chemical Engineering, Imperial College, 
London SW7 2AZ. 


COMPUTERS IN RADIOTHERAPY IN EUROPE 

It is proposed to hold a Workshop at IAEA, Vienna on 
July 5-10, 1976, organized by the Groupe Informatique, 
A.E.R. with the support of the European Association of 
Radiology. The aim will be to establish the contribution 
that the computer makes at the clinical level in the fields of 
dose computation, clinical records, radiobiology, etc., and 
to determine future development. 

Further information from Dr. D. N, Edwards, Clinical 
Research Unit, Mersey Regional Centre for Radiotherapy 
and Oncology, Clatterbridge Hospital, Bebington, Wirral, 
Merseyside L63 4JY, U.K.; or Dr. T. Moller, Radio- 
terapikliniken, Lasarettet, S-221 85 Lund, Sweden. 


Hypoxic CELL Sensirizers IN  RADIOBIOLOGY AND 
RADIOTHERAPY 

The 8th L. H. Gray Conference will be held in St. 
Catherine’s College, Cambridge, on September 5-9, 1977, 
and will discuss subjects ranging from basic mechanisms of 
hvpoxic cell sensitizers to clinical applications of these 
agents. 

Further information may be obtained from Dr. G. E. 
Adams, C.R.C. Gray Laboratory, Mount Vernon Hospital, 
Northwood, Middlesex HA6 2RN. 


XIV INTERNATIONAL Congress or RADIOLOGY 
To be held in Rio de Janeiro from October 23 to October 
29, 1977. 
Further information from XIV? Congresso Internacional 
de Radiologia, Patrocínio Colégio Brasileiro de Radiologia, 
Rio de Janeiro, Brasil. 


RADIOCHEMISTRY PUBLICATIONS 

The Technical Information Centre of the United States 
Energy Research and Development Administration pub- 
lishes à series of monographs of radiochemistry and radio- 
chemical techniques, including for example: 
Rapid Radiochemical Separations 
Paper Chromatographic procedures and 
Processing of Counting Data. 

The minimum price is $3.00 for either one, two or three 
randomly selected publications. 

Further details from National Technical Information 
Service, U.S. Department of Commerce, Springfield, 
Virginia 22161, U.S.A. 
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MIRD PUBLICATIONS 
Medical Internal Radiation Dose Committee (MIRD) has 
announced the availability of the following two new publi- 
cations: 
Pamphlet 10. Radionuclide Decay Schemes and Nuclear 


Parameters for Use in Radiation-Dose estima- 
tion. 


Pamphlet 11. “S” Absorbed dose per unit Cumulated activity 


for Selected Radionuclides and Organs. 
We hope to publish reviews in the near future. 


The Royal College of Radiologists: Recommendations on 
the implementation of "The 10-Day Rule" 


The Code of Practice for the Protection of Persons against 

Ionizing Radiations Arising from Medical and Dental Use 

should be accepted as a basis for reasonable practice. It 

states that in all female patients of reproductive capacity in 

order to reduce the likelihood of irradiation of a pregnancy: 

(1) the clinician requesting the examination should consider 
the porn of an early stage of pregnancy (para. 
7.3.1); 

(2) the date of the last menstrual period should be entered on 
the request form and it is the responsibility of the clin- 
ician requesting the examination to ask for this (para. 
7.3.1); 

(3) examination of the lower abdomen should, if praticable, 
be carried out within the ten days following the first day 
of the menstrual cycle (para. 7.3.1); 

(4) if there is any doubt about the advisability of carrying 
out an investigation or the nature of the investigation 
required, the matter should be resolved by consultation 
between the medical officers responsible respectively 
for the clinical and radiological care of the patient 
(para. 7.2.3). 


RESPONSIBILITY 
There is a chain of responsibility. The patient herself, 
the referring clinician, the radiologist and staff of the 
X-ray department all have a duty to ensure, as far as pos- 
sible, that the fetus im utero is not exposed to ionizing 
radiations without adequate reasons. 


Referring clinician 
'The referring clinician takes the prime responsibility for 
initiating the examination, He should: 

(1) be satisfied that the result of the examination. may 
affect the management of the patient; 

(2) weigh the risk against the possible benefit; 

(3) state the clinical indication, the provisional diagnosis 
and information required (para. 7.2.2); 

(4) give the stated date of the first day of the last menstrual 
period (LMP); (all X-ray request forms should have a 
space marked “LMP” so that the clinician is constantly 
reminded of his duty); 

(5) state whether the ten-day rule is to be "observed" or 
"ignored"; 

(6) sign the form so that it is clear who he is and what 
position he holds. 


Staff of X-ray Department 

Examination on day of request. The last opportunity to 
consider the ten-day rule falls on the staff of the X-ray 
department. The receptionist or radiographer should check 


the date of the LMP and note whether the ten-day rule is 
to be “observed” or "ignored". If the ten-day rule is to be 
ignored or the day falls within the first ten days following 
the first day of the last menstrual cycle, the examination is 
carried out. 


Booked examinations. lf the ten-day rule isto be "observed", 
the booking-clerk should explain to the patient that the 
examination can be carried out only on the ten days follow- 
ing the first day of the menstrual cycle and book the ex- 
amination accordingly. When the patient returns for her 
X-ray examination, the radiologist or radiographer should 
check that the predicted menstrual period did in fact occur. 


Patient 

(1) 'The implication of the questions concerning the ten-day 
rule should be made known to the patient. 

(2) The patient bears a responsibility to give accurate 
information concerning the possibility of a current 
pregnancy and the details of her menstrual cycle. 

(3) Hospital authorities should take steps to remind patients 
of the risks of X rays during pregnancy. Fer example, 
by notices in the out-patients such as “Some X-ray 
examinations during pregnancy may be harmful. If you 
could be pregnant, you should tell the doctor" or in 
female changing rooms in the X-ray department, “H 
you are pregnant or think you may be, please inform 
the radiographer before you are X rayed’’. 


PATIENTS AFFECTED 
Patients at risk include all females in the child-bearing 
age 12—50 years except: 

(1) women who deny recent sexual intercourse; 

(2) women who are menstruating at the time; 

(3) women on a contraceptive pill who are satisfied that it 
has proved effective over a period of not less than three 
months; 

(4) women who have had an intra-uterine contraceptive 
device for over three months and have found it to be 


effective; 
(5) where there has been a hysterectomy or other sterilizing 
procedure. 


Problems include: 
(a) patients whose mental state suggests that they are 
incapable of appreciating the nature of the issue involved; 
(b) persons whose language difficulties make communica- 
tions difficult (an explanation of the issues involved and 
a consent form in foreign languages would be of value); 
(c) Patients with irregular menstruation. 
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ZXAMINATION 
Ron involving the abdomen or 


TO SE AVOIDED. 


Bari am enema 





Barium meal 

Intravenous urogram 
Cystogram 

Cholecystogram 

Lumbar spine, pelvis and hips 
Abdominal angiography 





SPECIAL PROBLEMS 
Patients from accident and emergency 
Many patients from. “A d E" departments are neither 
accidents nor emergencies, Each case must be considered on 
its merits. The ten-day r ould be observed unless there 
is an overriding clinical indication for immediate examina- 
tion. 











Out-patients = 

The main difficulty arises when. there are long waiting 
lists for radiological examinations, Because of the confiden- 
tial nature of the enquiries made by the booking clerk, pri- 
vacy is essential. The clerk will require special training in 
her duties, The employing authority may have to authorize 


extra clerical staff to cover these responsible duties. 


Ward patients 

The organization and economics of hospital practice make 
it particularly difficult to implement the ten-day rule for 
in-patients, 


Emergency admission 
In most instances, the ten-day rule can be ignored on 


grounds of clinical urgency. uu 
I. W. Laws, 


REGISTRAR 


British Institute of Radiology 
Fractionation Working Party: 
A new clinical trial 


The laryngo-pharynx clinical trial of three fractions 
per week versus five fractions per week was officially con- 
cluded on December 31, 1975, Over 700 cases were entered 
into the trial from 18 radiotherapy centres. Further interim 
results will be summarized in the Sixth Progress Report 
which is in preparation. The follow-up of these patients 
will of course continue to the tenth vear after treatment. 

A new laryngo-pharynx clinical trial started on January 
1, 1976 to compare short overall treatment times (three to 
four weeks) with long overall times (six to seven weeks). 
Both long and short schedules will be compared in each 


participating centre. 


G.W. and ].F.F. 


Lec 
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Differential Diagnosis of Gastric Diseases 117 
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Textbook of Anatomy and Physiology in Radiologic Technology | 140 
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The Radiology of Joint Disease 150 
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Short-lived Radioactive Gases for Clinical Use 160 
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Roentgen Examinations in Acute Abdominal Diseases 175 
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of radioactive material. 193 
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The Department of Diagnostic Radiology, University Hospitals in Lund and Malmo 


presents a course in 


Angiography of Abdominal and Retroperitoneal Structures 
June 11-15, 1976 


University Hospital, Lund, Sweden 
Chairman: Olle Olsson, M.D. 


General information: 

The course willbe held in the English language and is limited to 200 participants. It is designed for radiologists with basic 
knowledge in abdominal angiography. This first course willinclude angiographic technique, indications and ethical aspects, 
in half-day lectures and afternoon film reading seminars. 


Faculty: 

Herbert L. Abrams, M.D., Professor and Chairman, Department of Radiology, Harvard Medical School, Boston, Massachusetts, 
U.S.A. 

Stanley Baum, M.D., Professor and Chairman, Department of Radiology, The Hospital of the University of Pennsylvania, 
Philadelphia, U.S.A. 

Stewart R. Reuter, M.D., Professor, Department of Radiology, University of Michigan, Ann Arbor, Michigan, U.S.A. 

Mark Wholey, M.D., Professor and Chairman, Department of Radiology, Shadyside Hospital, Pittsburgh, Pennsylvania, U.S.A. 

Olle Olsson, M.D., Professor and Chairman, Department of Diagnostic Radiology, University Hospital, Lund, Sweden. 

Erik Boijsen, M.D., Professor and Chairman, Department of Diagnostic Radiology, Malmö Allmänna Sjukhus, University of Lund, 
Sweden. 

Bo Jacobsson, M.D., Associate Professor, Department of Radiology, University Hospital of Gothenburg, Sweden, 

Christer Owman, M.D., Professor, Department of Histology, University of Lund, Sweden. 

Anders Lunderquist, M.D., Head of the angiographic section, University Hospital, Lund, Sweden. 


Staff members of the University Hospitalsin Lund and Malmö. 
The course is sponsored by the European Association of Radiology and the Swedish Society of Medical Radiology. 


information aboutthe course can be obtained from Anders Lunderquist, M.D., Department of Diagnostic Radiology, University 
Hospital, 5-221 85 LUND, Sweden. 
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DHSS item No. 12 /040222 


The TR Universal Bucky Stand — the modern aid to TODD RESEARCH LTD 


the busy Department. The rotating movement of ROBJOHNS ROAD 


j* CHELMSFORD CMI 3DP 
TEL. 62233/7 TELEX 99327 


routine casualty, chest and skull work. The unit & Contact us for details. 


the tube/bucky support arm meets the needs of 





links with any existing generator and space 
See this Universal P 


Bucky Stand at 


position — three switches control all movements. 22 Newman St., 
London, W.1 


requirements are minimal. It is easy and rapid to 








Options include automatic exposure control and 
Permanent display: 


on.—Fri. 9—5. 





automatic collimation of focal distance and 
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ahard worker. 


9 High outputs: 

800 mA at 60 kV & 400 mA at 
125 kV (800 model) 

or 1000 mA at 70 kV & 300 mA 

at 150 kV (1000 model) 

e Short exposure times with 
thyristor switching 

e Stabilized kV during radiography 
e No interrogation time 

e Remote programmed setting or 
free selection of radiographic data 
e 12 pulse circuitry 

e High speed starter incorporated 


With features like these, 
Garantix generators are bringing 
new standards of reliability and 
ease of operation. Their high out- 
put is suitable for busy single i 
room layouts with high patient - 
loading and also for use in special 
techniques. Both Garantix models 
are operated simply — and 
efficiently. 

Over a wide field of routine 
diagnosis, Garantix generators 
are proving to be powerful friends. 


Siemens Limited 

X-Ray Group 

15-18 Clipstone Street, London 
W1P 8AE. Tel: 01-580 2464 
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Philips provide both 


Nuclear medicine investigations used in conjunction 
with modern X-ray techniques provide a superior 
diagnostic approach. That is why Philips Medical Systems 
have expanded, with their nuclear medicine division. 
They now offer a complete range of nuclear medicine 
systems together with their diagnostic X-ray 
programme. 

For more details contact Philips Medical Systems Ltd., 
45, Nightingale Lane, London, SW12 8SX. Telephone: 
01-673 7766. 
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Philips Cranio DIAGNOST 
Room for one - just in case 


Waiting for skull examinations has been utmost speed and efficiency in Survey and 
practically eliminated by the Cranio detail skull examinations, as well as in 
DIAGNOST, a skull stand specifically cerebral angiography. However, even the 
designed to cope with a large number of Cranio DIAGNOST can only examine one 
routine examinations per day. patient at a time, so it may be as well to 


The unique positioning facilities provide the have a waiting room for one - just in case. 





1 Careful counterbalancing of the Philips Cranio DIAGNOST 
ensures that minimum effort is required for accurate 
positioning. 




























2 Film plane centring, intra-cranial centring, or a combination 
of both can be set up to comply with the individual require- 
ments of the radiologist — both techniques provide optimum 
visualisation of the areas of interest 


3 Accurate checks on the selected projection can be mace 
quickly and easily with the see-through positioning device 


4 The cassette holder accepts cassettes up to 24 x 30 cm 
in both directions — no accessories are required if different 


cassettes are used. 

5 The versatile Cranio DIAGNOST is also designed for use 
with the Philips emergency trolley, either with its own bucky 
facilities, or with a separate pedestal bucky unit. 


6 Cerebral angiography can also be carried out without 
affecting the use of the Cranio DIAGNOST in routine radio 
graphy, by using two film changers in combination with the 


patient support. 
For your copy of the full descriptive brochure, 
please write to: N.V. Philips, Medical Systems Division, 


Eindhoven, The Netherlands 
or X-Ray Diagnostic Division, Philips Medica! Systems Ltd., 
45 Nightingale Lane, London SW12 BSX 
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Fully comprehensive 
Radiological Dosimetry Systems 





NE» Mains operated for sophisticated FARMER Battery portable for tertiary standard 
2500/3 general purpose dose and doserate 2502/3 and field systems for machine output 
measurements over the energy range calibrations. Same energy range as 
10kV to 35MV using a wide range of 12 2500/3, dose range 10-3 to 104R with 
chambers for 10-9 to 10*R and R/min. range of 7 chambers 





iP | Mains operated secondary standard for NPL Mains operated secondary standard for 
256 very precise measurement calibration of 2550 very precise calibration of tertiary 
dose measuring instruments standards and field instruments at 
calibration fields at therapy level ranges protection level, 9 ranges from 
0- 100R, 0- 1000R, over energy range 0-1 mrad/h to 0-10rad/h over energy 


32kV to 2MV range 10kV to 2MV. 
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CGR now introduce a new integrated radiological 
installation consisting of a Supralix Remote Controlled 
Table with Tomography * Dualix 1200mA 3-phase X-ray 
Generator * 28cm Image Intensifier with TV System * 
Automatic Dose Control * Automatic Exposure Control * 


SUPRA DUAI IX High-speed Tube and Starter with choice of foci. 
This complete system has been designed for easy 
from installation and servicing as well as for low running costs. 


*The Supradualix is complete for less than the cost 
of many a generator, intensifier and tube alone. 


Full details and specifications from 
CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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The Stabilatron 


The Stabilatron is a static field 
teletherapy Cobalt 60 unit which may be 
provided as a floor-mounted or ceiling- 
suspended unit. It is best suited to a small 
treatment room that is insufficiently large 
for a rotational therapy unit to be installed. 
The treatment head of the Stabilatron 

is the same as that used on the Mobaltron 
range of units and is designed to hold 
radioactive sources up to 9000 RHM of 
Cobalt 60. Treatment fields as large as 
32x32 cm at 100 cm S.S.D. are obtainable. 


The Cobaltron Minor 


The Cobaltron Minor, although having 
the same type of mountings as the Stabilatron, 
has been designed as a short distance head 
and neck unit. The treatment head holds a 
maximum of 300 curies of Cobalt 60 and 
uses a moving source to obtain the short 
skin distances necessary. This source travels 
down a nozzle to the applicator. A wide 
range of applicators for varying treatments 
and field sizes are available. 
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aM TEM Instruments Limited 
Gatwick Ri ad, Crawley, Sussex, RHIO 2RG, England Tel0293 31244 
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Capability 
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Scinticamera 








Combines: 

x High Resolution 
x Easy Dynamics 
« Practical Anatomical Marker 
x Analogue Data Analyser 


Giving Total System Capability 
at a realistic price 
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14in * 17in 
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ENS TERPHRISESS 99e Nuclear, Edinduran rem in Dynamic Format. 


s ; Associate Companies 
| I^ A| TEI J Nuclear Enterprises GmbH, Schwanthnalerstrasse 14 
B Munchen 7. Germany Tet 53.62.23. Telex 529938 
Nuclear Enterprises Inc . 935 Terminal Way San Carios 
Calftorma 94070. Te! 415 5931455 Teles 3448371 
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ROYAL HOBART HOSPITAL 
HOBART — TASMANIA 


DIRECTOR OF 
RADIOLOGY 


Applications in writing, addressed to the General Superintendent (Dr. T. N. N. Brennan), G.P.O. Box 
1061L, Hobart, Tasmania 7001, from whom further particulars may be obtained, are invited from appro- 
priately qualified medical practitioners for appointment to the above full-time position. 
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The Royal Hobart Hospital is the principal Teaching Hospital for the Faculty of Medicine, University of 
Tasmania. It has a bed capacity of 800 beds and had 16,400 patient admissions and 273,500 out-patient 
attendances for the year ended June 30, 1975, 


—Á——————————————— 


The Radiology Department at present performs approximately 42,000 examinations per annum, including 
the vast majority of the more sophisticated techniques. 


i 
| 
| The existing equipment includes a Mimer 111 and bi-plane serial changer. A new Cardio-Vascular 
i installation is currently ón order. 
] At present the Department is serviced by part-time Radiologists who will continue to attend on a sessional 
| basis. The Director of Radiology will be responsible for ali teaching of radiology within the Royal Hobart | 
| Hospital, | 
| | 
i i 
| The successful applicant may apply for the right of limited private practice outside the hospital. | 
Recreation leave is of five (5) weeks each year and long service leave is of three (3) months after each | 
| ten (10) years of service. Sabbatical leave may be granted after each five (5) years of full-time service, | 
i 
| The successful applicant will be required to contribute to the State Retirement Benefits Fund. | 
i 
| | 
| | oe 
| Current Salary Range: $A19,588 to $A25,739 per annum 
| The salary level is dependent upon qualifications and experience of the successful applicant, and is | 
| determined by the Controlling Authority in terms of the Medical Officers Principal Award. | 
| Salaries and conditions of service are subject to such changes as may be determined by the appropriate i 
i authority when such matters become subject to general review, 
| | 
| Assistance towards cost of transferring to Hobart is provided, details available upon application. | 
| | 
Applicants from the United Kingdom should apply to the Agent-General for Tasmania, 458/9 Strand, | 
London WC2R, for details regarding Tasmania and the Assisted Passage Scheme. | 
Applications should be accompanied by the names of two referees, | 
| 
1 ; , 
l Closing date for applications is March 31, 1976. | 
| 
| | 
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The Kodak RP'X-Omat' Processor Model 101 
gives savings on capital outlay and running costs. 
Cold water washing cuts fuel bills and saves energy. 
Then there's the fast, dependable service. 


From the processor. 
And from Kodak. 


The Kodak RP 'X-Omart' Processor Model 101 


Col your Kodak Technical Representative 
your nearest Kodak Sales Centre now bee 
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Kodak Limited, Medical Markets, 
Kodak House, PO Box 66, 
ULES Hemel Hempstead, Herts. HP1 1JU. 


Kodak and X-Omat are trade marks. 
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University of Western Australia, Perth 
CHAIR OF DIAGNOSTIC RADIOLOGY 


Applications are invited from medical graduates registrable in Western Australia and with 
appropriate higher qualifications for appointment to a new Chair of Diagnostic Radiology in 
the University Department of Surgery, of which the current Head is Professor B. N. Catchpole, The 
appointee will be located at the Royal Perth Hospital (a major teaching hospital of the University 
with some 1,052 beds) and in the first instance will be Head of the Hospital's Department of 
Diagnostic Radiology. He will be required to engage in the teaching of undergraduate students 
and in research as well as to provide a diagnostic and consultative service for the Hospital. 





The salary for a Professor is $A24,394 per annum plusa loading of $A4,000 per annum for 
clinical responsibilities. Benefits include superannuation similar to FSSU, fares to Perth for 
appointee and dependent family, removal allowance, study leave and long service leave and 
housing loan scheme, Further information including conditions of appointment may be obtained 
from the Staffing Officer, in the University or from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London WC1H OPF. 


Applications in duplicate stating full personal particulars, qualifications, experience and the 
names and addresses of three referees should reach the Staffing Officer, Uni versity of Western 
Australia, Nedlands, Western Australia, 6009 by March 20, 1976. | 








British Institute of Radiology 
B.I.R. Bulletin 


The rates for advertisements are: 


Whole page backcover £50-00 
Whole page 51x36ems £45-00 
Half page | 25x36ems £25.00 
Quarter page 25x 17% ems £15-00 
Eighth page 12x 1772 ems £10-00 


The formatis that of The British Journal of Radiology. 
Would interested advertisers please contact: 


The Advertising Manager 

British Journal of Radiology 

12 Bedford Square 

London WC1B 3JB 01-636 7676 


April, July, and 
now include advertising space. The Bulletin is circulated to all 
members in the U.K. and overseas, and thus reaches a very specialised 
readership. 
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We'd like to make a further po 





Last year, we introduced a new 
product line — a whole new range of 
catheters and guide wires — and very 
successful they are too. 

We told you how the wires, 
British to their flexible core, are 
wound to exceptionally close 
tolerances. And how they feature a 
safety wire, a flexible tip, and 
optional Teflon coating. 

We told you, too, about our 
disposable catheters, available in 


radiopaque polythene or Teflon tubing. 


How, like the wires, they can be 


supplied ready heparinised. And how 


they are all sterilised with 
ethylene oxide, and sealed in airtight 
peel packs. 





out our new product line 
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Having told you all that, 
we have just one more point to m 
We have now introduced a range « 
British-made, high quality, 
stainless steel, re-useable percutar 
and biopsy needles, 

We hope you will take our poir 

If you would like further detai 
of the Cambridge range of cathet: 
guide wires and needles, send for 
a catalogue today. 





Cambridge Instrumen 


Melbourn, Royston, Herts SG8 6EJ 
Telephone Royston (0763) 60611 
Cables Metres Cambridge. Telex 81124 


ith 'Kodak' products come 
odak people. 


n 17 territories within the British 
sles there are 17 Kodak men who 
are trained specialists in medical 
maging techniques. 


hey are Kodak Technical Sales 
Representatives. And yours is at 
he end of your phone. 


e knows his subject : he attends 
raining courses that bring him up- 
o-date with the latest 
developments in medical imaging. 
Departmental design, nuclear 

edicine, ultrasonics, 
nstrumentation recording, 
photography, dental radiography 

.. the things he needs to know in 
order to help you. 


He won't always have an instant 
answer. But he'll know where to 
find it. 


So, whether you are ordering 
'Kodak' products now or 

planning to order later, you can 
expect Kodak people to be at your 
service. The representative, the 
people who provide courses for 
your staff, the people who look 
after you at your local Distribution 
Point and Sales Centre. 


Kodak people. 
They're nice to know. 
Kodak Limited, Medical Markets, 


Kodak House, PO Box 66, 
Hemel Hempstead, Herts HP1 1JU 


Kodak: the people with the tradition of trust. 


Kodak is a trade mark 








Xeroradiography is one of the most exciting and valuable 
developments in radiography today. 

Now, we're looking for one fully qualified radiographer, to join 
our important System 125 team. 

You'll travel throughout the country. Talking to doctors, 
radiologists and radiographers in their own hospitals. 

You'll make sure they know precisely how to use our 
equipment. Help them exploit its full potential. And help them out 
with any service problems they may have. 

It's a responsible position. So we're looking for someone with 
atleast two years recent experience and a real interest in new 
developments in radiography. 

Also, we'll be looking for a smart appearance, a positive 
personality and the ability to communicate effectively. 

In return, we'll give you an excellent salary and exceptional 
fringe benefits. 

Theseinclude generous expenses. A company car. Four 
weeks holiday, rising to five. A marvellous pension scheme. And 
free life assurance. 

[hisis a great opportunity for you to become an authority on 
one of today's most exciting new fields. 

So write now, with brief details, to: 

MSJ RECRUITMENT, AON, 7722 
2-16 Goodge Street, London WIP 1FF. 
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In Angiography 


UROGRAFIN 


Both U rografin 6o? 








with iodine concentrations of 





ml 





292 mg/ml and 370 mg; 
respectively, 
are suitable for most 
angiographic examinations. 
The high proportion of the 
meglumine to the sodium salt 
ensures excellent tolerance 
with good diagnostic 
definition. 


Available in 20 mls ampoules 
and ṣo mis vials. 
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In Intravenous Pyelography 


by 
UROVISON 


Urovison exhibits an optimum 
balance between ease of 
injection and good contrast. 
‘ith an iodine concentration 

of 325 mg/ml, 
patient tolerance is high 
even when administered 
in large volumes. 


Available in 25 mis ampoules 
and 50 mls vials. 





Schering Chemicals Limited, 





In Intravenous Cholegraphy 
by 
INFUSION BILIGRAM 


The latest development from 
Schering AG. Biligram 
exhibits lower toxicity and 
better tolerance than 
previously available media. 
Adequate diagnostic pictures 
can often be obtained in 
patients with serum bilirubin 
levels of 2-5 mg ?;. 


Available in 100 mis infusion 
bottles and 30 mls ampoules. 


Pharmaceutical Division, Burgess Hill, Sussex RHrs 9NE 


Full information available on request, 





The complete 
Bo: 88741 v AUR 


Of course we know that no 
system can be absolutely 
complete and we are always 
delighted to discuss individual 
requirements. However, we truly 
believe the range of accessories 
supplied with our major 
radiological instruments is 
uniquely wide. The illustration of 
a typical lonex Dose/ Doserate 
System, recently completed for a 
hospital in Spain, demonstrates 
just how comprehensive the 
systems provided from our 
Beenham Laboratories can be. 


in addition to the lonex, our 
range of therapy and protection 
instruments includes the Farmer 
Dosemeter 2502/3, NPL 
Secondary Standard X-ray 
Exposure Meter 2560 and the 
NPL Secondary Standard 
Protection Level X-ray Dose Rate 
Meter 2550. Like the lonex, all 
these have achieved world-wide 
reputations for the highest 
accuracy and stability. 


Write or call Chief Physicist 
Stuart Wright, at Beenham 
(Tel. 073-521 2121), or contact 
our offices in San Carlos or 
Munich for the latest 
developments in our range. 


Bath Rd.. Beenham, Reading RG7 5PR, England Telephone: 073-521 2121 Telex: 848475 
Also at: Germany; Nuclear Enterprises GmbH, Schwanthalerstrasse 74, 8 München 2, 

Telephone : 53-62-23 Telex: 529938 

U.S.A.: Nuclear Enterprises Inc, 935 Terminal Way, San Carlos, California 94070 

Telephone: 415-593-1455 Telex: 348371. 
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detection and | 
measurement of 


gamma radiation 


ACOGURATE 
ROBUST 
RELIABLE 


- we serve the world through our agents | 
b RA pa, S d - cb 


| At BED (C COMPANY LIMITED Dy 
| Mies Road Mücham CRA 2YP Tet 01.648 1668.9 





Radiation 
Oncologist 





radiologists to participate in a fully 
integrated oncology programme idus 
patient care, pale and research. 
Preference will be given to applicants 
with experience in all three areas. 


This is a joint programme of the Manitoba 
Cancer Foundation, the University of 
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MAJOR REFERENCE BOOK 


ATLAS of NO 









PAUL ROSS. MB, BS, Professor and Chairman, Department of Radiology, Medical 
University of South Carolina, Charleston, South Carolina, USA 


and 


GEORGE H. du BOULAY, MB, BS, FRCP, FRCR, Professor of Neuroradiology, 
National Hospital, Queen Square, London; Radiological Advisor to the Nuffield 
institute of Comparative Medicine, Zoological Society of London. 


This classic work by two leading neuroradiologists consists of ninety-eight life-sized normal vertebral angiograms all 
of which have been superimposed with numerical labels indicating the intricate vasculature of the region. 
Also included is a preliminary chapter—with a bibliographic section—describing the courses of the vessels and this 
contains ten perspective drawings—also accurately labelled—of the brain with larger arteries and veins in piace. 
The work is mainly a neuroradiological contribution, many of the vessels not having been described previously 
by anatomists. It will therefore be of immense value to neurologists, neurosurgeons and radiolagists. 


Profusely illustrated 1976 136 pages ISBN 0 407 00042 9 £15.00 


Radioisotopes in Radiodiagnosis 


A. S. BLIGH, MB, BS, DMRIDJ, . Consultant Radiologist, University 
Hospital of Wales, Clinical Teacher in Radiodiagnosis, Welsh National School of 
Medicine, K. G. LEACH, BSc, PhD, Principal Physicist, University Hospital of 
Wales, Honorary Assistant Teacher, Welsh National School! of Medicine and 
E. RHYS DAVIES, MA, MB, BChir, FRCPE, FRCR, Consultant Radiologist, 
Bristol Health District (T), Clinical Lecturer in Radiodiagnosis, University of 
Bristol 


The authors, a physicist and two radiologists, have drawn extensively upon their 
own experience and the literature to provide a clear and concise account of iso- 
tope scanning techniques. It is presented so that the physics will be readily 
understood by Doctors and the medical subjects by non-medical readers. 

Early chapters deal with theoretical aspects; those which follow relate closely 
to the clinical situation. The illustrations are excellent and a comparison is made 
with the appropriate radiology —so relevant to the interpretation. 

A knowledge of the techniques of radionuclide imaging is now required by 
The Royal College of Physicians and the Faculty of Radiologists for their post- 
graduate qualifications and those reading for FRCS and MRCOG will also find 
this a valuable introduction. 





CONTENTS: History of isotopic Imaging. Atoms and Radiopharmaceuticals. Instrumentation. Radiation Protection. 
Central Nervous System. The Liver and Spleen. The Skeleton. The Respiratory System. The Kidneys. The Placenta. 
Gastro-intestinal Tract. Endocrine Glands. Cardiovascular System. Other Aspects: | Special Techniques; Ii Newer 
Scanning Agents; Hf Adverse Reactions. Appendix: Isotopic Aphorisms. Index. 


Illustrated 1976 240 pages ISBN 0 407 00036 4 £10.00 


Please order from your bookseller or in cases of difficulty from the Publishers 
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to produce automatically highly accurate 
treatment plans for both tele-therapy and 
brachy-therapy. Computational mistakes 
and incorrect table readings are virtually 
eliminated. Therapists have more time for 
treating patients 


treatment planning system. 
Accurate: fast: graphic: low-cost. 


If you are still carrying out radiation therapy 
treatment calculations by hand, this Hewlett-Packard 
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work to a high level of accuracy, in a fraction of the 
time required to achieve the same results by hand 
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automated system to cost 
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carried out. A general 'book-keeping' dose summary 
program automatically keeps patient dosage 
records up-to-date 

The Hewlett-Packard 9830 system is so easy to 
use that radiation therapy technicians with virtually 


no previous computer experience can input data and 
activate the calculating process themselves. Less 
time spent on doing and checking calculations means 
more for actual therapy, shorter lead times before 
therapy can begin, a greater through-put of patients 
and, possibly, the opportunity to undertake more 
complex types of treatment. 

Moreover, the system is highly flexible. If it is not 
fully-employed on radio therapy, it can be used to 
solve problems in many other areas; RIA, medical 
statistics and so on 
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We are pleased to announce the publication of this report on treatment 
simulators. The report discusses the uses of simulators in radiotherapy 
and sets out guide-lines for their future development, both in the 
specifications of design parameters and in techniques for use. The 
specifications of simulators currently available from a number of 
manufacturers are tabulated and compared with those considered 
desirable by the authors. 


The authors point out that the simulator has been a radiotherapy aid for a 
quarter of a century, but that to many its purpose and use are still 
undefined ; they take the view that although verification is an important 
function of a treatment simulator, its main function is the accurate 
localization of the tissues in the region to be treated. 


This Report is one of several now in preparation under the general title 
Applications of Modern Technology in Radiotherapy. The authors were 
brought together as a working group following discussions between 
members of The British Institute of Radiology, the former Faculty of 
Radiologists, the Hospital Physicists Association and The Society of 
Radiographers on the general need for information and guidance on the 
most effective ways of bringing new advances in technology into wide 
use in radiotherapy. We believe that this first report will prove of 
considerable interest to many present and prospective users of 
treatment simulators in Great Britain and in many other countries. 


Members of the working group : 
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Radiology now 


Fast neutrons—clinical requirements* 


For decades, there have been numerous treatments 
for cancer and recently a plethora of drugs has 
added almost limitless possibilities to these. When 
fast neutrons became available clinically, there was, 
understandably, a demand for their effects to be 
compared objectively with conventional radiation. 

'The precision and efficiency of modern megavol- 
tage X- and y-ray machines, and their ability to 
deliver an exact dose of radiation to the volume 
delineated, probably cannot be improved upon, and 
usually exceeds the ability of the clinician to localize 
the extent of the malignancy. Output of radiation is 
so good that treatment times are of the order of 
one to three minutes, and well-defined beams can be 
directed in any direction and in any plane. Patients 
can be treated in the most suitable of many possible 
positions and do not usually suffer skin reactions. 
Megavoltage machines are situated within hospitals 
and are available in most centres throughout the 
world where physicists and clinicians have wide 
experience in their use. 

In contrast, all existing neutron sources suffer 
from serious disadvantages. For instance, in the 
U.S.A., patients from the M.D. Anderson Hospital 
are transported 100 miles into Texas for each treat- 
ment. The M.R.C. Cyclotron in Hammersmith 
Hospital has a neutron beam which is fixed in the 
horizontal position and is collimated in squares or 
rectangles of fixed sizes. The energy (7-5 MeV) 
gives a dose distribution only slightly better than 
250 kV X rays and the isodoses are rounded at the 
ends and show a clinically significant penumbra. 
Skin reactions are produced which proceed to moist 
desquamation before healing. Because of its poor 
penetration, pelvic and abdominal tumours are not 
treated except in very thin patients. Even in these, 
the dose distribution is uneven and compares badly 





*Reprint requests to: Mary Catterall, F. R.C.R., Consultant 
in Charge, Fast Neutron Clinic, M.R.C. Cyclotron Unit, 
Hammersmith Hospital, London W12 0H5. 
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with that from 6°Co. Tumours of the head and neck 
can be given a more uniform dose, but because of 
the wide penumbra and rounding of the isodoses, 
it is difficult to avoid the spinal cord. Damage to the 
cord may, therefore, be due more to the poor colli- 
mation of the beam than to a specific effect of neu- 
trons on central nervous tissue. 

Despite these disadvantages, in the one controlled 
clinical trial where statistically significant results 
are available, the neutron-treated patients showed a 
highly significant benefit over those treated with 
photons (Catterall et al., 1975). In other comparative 
studies at Hammersmith, where patients had two or 
more identical tumours, one treated with neutrons 
and the other with photons, the neutron-treated 
tumours always did better, in terms of not recurring 
after treatment for the same degree of early and late 
normal tissue reaction. In no case has a neutron- 
treated tumour ever shown less regression than a 
similar tumour treated with photons, nor has this 
advantage been obtained at the cost of unaccept- 
able damage to normal tissues. 

There are now increasing demands from many 
centres all over the world for fast neutrons to treat 
patients. This demand is being met by the con- 
version of cyclotrons constructed for other purposes, 
essentially unsuitable for clinical work, or by the 
production of neutron machines which technically 
fall far short of modern megavoltage X-ray mach- 
ines. There is, therefore, a great risk that information 
obtained will be misleading, because the clinical 
results could reflect more the inadequacy of the 
delivery of neutrons to the tumour than the effects 
of neutrons themselves. 

Six years’ experience of treating patients with 
fast neutrons, suggest six factors which must be 
included in the production of a neutron machine 
suitable for treating patients in a comparable way 
with photons from the megavoltage machines now 
in routine use throughout the world. 
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1. The beam must always be available to meet clinical 
requirements 

The total dose must be given in the number of 
fractions and overall time which were selected at the 
outset. 

Unreliability of neutron output leads to erratic 
treatments and makes the accurate assessments of 
effects impossible, thereby lessening the value of 
clinical research. This was the main reason why 
Stone (1942 and 1948) never established a satis- 
tactory treatment régime in his early trial of neutron 
therapy. Unreliability is traumatic to patients, who 
suffer disappointment and anxiety when their treat- 
ments cannot be given, and tumours may continue 
to grow. The reputation of the unit suffers, and 
chnical colleagues grow sceptical about referring 
patients for treatment. 

Clinical requirements must have first priority. 
Competing claims for machine time or high cost of 
renting time can be reasons for administrators to 
withhold funds, causing interruptions to a clinical 
programme, l 


2. The output must give treatment times not exceeding 
four minutes 

For comparison with photons, treatments must be 
given within a few minutes, otherwise factors such 
as increased stress may influence the results. Pro- 
longed treatment times select patients who can main- 
tain a certain position for the time demanded, and 
make some positions impossible. Long treatments 
may be given in the supine position, but this ex- 
cludes patients in pain or with co-existing disorders 
such as congestive heart failure. 


3. Depth dose and isodose shape must be at least as 
good as those of 99Co 

One of the most useful advances in the treatment 
of cancer was the advent of megavoltage beams of 


to be delivered to deep-seated tumours while 
adjacent normal structures could be more easily 
avoided. Neutron beams must be comparable at least 
with those of ®°Co, Less penetrating radiation makes 
planning of an ideal treatment impossible, increases 
the risk of delivering high doses to vulnerable nor- 
mal structures such as the spinal cord, and restricts 
treatable tumours to those in superficial sites. 


4. The neutron machine must be within a hospital 

If the machine is outside a hospital, the necessity 
of travel to it selects patients who can undertake the 
journey. The time, expense and distance may influ- 


ence the total number of treatments given, or the 
fractionation per week, and may result in an inferior 
overall treatment. Radiotherapy departments for 
photon treatment are part of a hospital, and all 
other necessary medical and surgical treatments are 
readily available to the patients. If long distances or 
unusual surroundings are involved for neutron treat- 
ments, they will usually have a deleterious etfect, 
and will certainly be different from the photon- 
treated patients. These factors would have to be con- 
sidered in the results of controlled clinical trials. 


5. The set-up of neutron treatments must not be com- 


promised 


Any of the following will put neutron treatments at 

a disadvantage compared with those from mega- 

voltage photon machines. 

(a) Radiation hazard in the treatment room. If this 
level is higher than permissible, treatment set- 
ups and the precise positioning of the patient 
relative to the beam will be hurried, and parts 
of the tumour may be inadequately covered. 

(b) Collimators which are so heavy that they 
cannot be easily handled or quickly changed. 

(c) Fields of fixed sizes and shapes where it is im- 
possible to shield normal structures from radia- 
uon. (b) and (c) are particularly sophisticated 
and precise with photon treatments, and clearly 
add significantly to the protection of normal 
structures which would otherwise be irradiated. 
A higher rate of complications is likely with 
neutrons, not because of an inherent property 
of neutrons, but because of the inferior delivery 
of dose to the tumour. 

(d) Limitation of time available for treatments on 
the machine. This can lead to hurried set-ups, 
with less care and precision being taken on neu- 
tron treatments than is available for photon treat- 
ments, 


6. The beam should not be fixed in one position 

Megavoltage radiation can be given through 360 
deg. and through fields oblique to the long axis of 
the body. These are assets which assist in planning 
and in the treatment of patients whose general con- 
dition puts restrictions on their position. With 
highly developed techniques, patience and exper- 
ience, we have found the fixed horizontal beam at 
Hammersmith to be much less of a difficulty than 
the low energy of the beam. However, with a higher 
energy beam, it would be preferable, probably es- 
sential, to have the beam vertical, if only one posi- 
tion were possible. 


204 


Marcu 1976 


Radiology now. Fast neutrons—clinical requirements 


Beam positions in the vertical and horizontal are 
the minimum requirement of a new machine; 1so- 
centricity is required if it is to be truly comparable 
with a megavoltage machine. 


CONCLUSION 

The M.R.C. Cyclotron is reliable and ideally sited 
within the grounds of Hammersmith Hospital, but 
it is grossly inferior technically to the megavoltage 
photon machines used for treating comparable 
patients. So marked are the differences, that if the 
clinical results obtained with this neutron beam had 
been inferior to the photon results, they could not 
have been said to have proved the case against 
neutrons. But, despite the technical problems, the 
results are showing advantages to the neutron trea- 
ted patients and make it necessary to discover 
precisely which tumours should be treated with 


Book review 


Manual on Radiation Protection in Hospitals and General 
Practice. Volume 2 Unsealed Sources. By D. Frost and H. 
Jammet, pp. 113, 1975 (Geneva, sponsored by the LL.O., 

LA.E.A. and W.H.O.), Sw.Fr.24. 

Although the problems of radiation protection have been 
covered for the atomic energy industry, it was felt that re- 
commendations related to medical applications have not 
been considered in detail, at any rate recently. A very 
creditable effort in collaboration between the various inter- 
national organizations has therefore been undertaken, this 
series being sponsored jointly by the 1.L.0., LA.E.A. and 
W.H.O., with the latter organization taking responsibility 
for publication. It is certainly useful to have a single docu- 
ment to which reference can be made by those concerned 
with providing advice and recommendations in this field, 
and it is hoped that this trend can be continued. 

This handbook, Volume 2 of the series, deals with the 
administration of unsealed radioactive materials to patients 
for radiotherapy, for nuclear medicine and for other clinical 
diagnostic applications, Different levels of radioactivity and 
different procedures are involved in radiotherapy and diag- 
nostic studies, But it appears that in many centres these 
different functions may be undertaken within the same 
administrative unit, and department plans shown here 
allow for such facilities, including provision of some heavily 
shielded patient accommodation suitable for use with up to 
450 mCi of *9Co. Room plans for small, medium and large 
departments are provided, together with recommendations 
on appropriate facilities for clinicians, chemists, physicists 
and technicians in the preparation of radioactive materials 


neutrons. Provisions will then have to be made to 
give such treatments in other centres. 

To do this, neutron treatments must be made 
comparable, in all six aspects described, with those 
from megavoltage machines. In the long term the 
conversion of cyclotrons, originally constructed for 
other purposes and essentially unsuitable for the 
treatment of patients, would not be as economical as 
the production of a neutron source designed speci- 
fically for clinical use. 

MARY CATTERALL, 
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and their use for both tn vivo and some in vitro studies. 
‘These proposals can be useful in planning new departments. 
but should be adopted economically to correspond to real 
local requirements. Otherwise useful applications may be 
restricted by insistence on excessively expensive facilities 
for important but limited applications. 

The recommendations intended for those responsible for 
providing Codes of Practice are fairly standard, But the 
various sections are well set out with sufficient overlap to 
ensure that each subject can be dealt with by the reader 
without detailed cross reference. Chapters deal with waste 
disposal, monitoring, decontamination, protection of pa- 
tients, staff and the public together with accident procedures 
and first aid. Reduction of dose by choice of pharmaceutical 
and proper patient preparation is discussed. ‘The chapter on 
"Equipment for Safe handling of Radioactive Materials" 
deals, rather surprisingly but usefullv, with the measure- 
ment of y emitters in well-tvpe ion chambers, with the 
choice of collimators for scanning, and with the choice of 
pulse-height analvsers for counting procedures. Under 
"Personnel Monitoring", great stress is laid on the useful- 
ness of pocket-sized, acoustic warning devices to indicate to 
operators y dose-rates in the range up to 100 mR/hour. 
Comprehensive appendices provide physical data for 
radioisotopes in common use, ranges of activity adminis- 
tered for various tests, and the doses to the corresponding 
critical organs. 

Radiation protection officers will find this a useful addi- 
tion to their book-shelves 

R. Oniver. 
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Review article 


Craniopharyngioma: based on 160 cases* 
By M. Banna, F.R.C.R., F.R.C.P. (C.), M.D. (Newcastle upon Tyne)t 


(Received August, 1975) 


ABSTRACT 
This paper is the outcome of an extensive retrospective 
study of the clinical and radiological manifestations of a 
large number of craniopharyngiomas from five leading 
neuroscience centres in the U.K. The literature about this 
tumour has been reviewed with particular reference to its 
origin and radiological manifestations. 


HISTORY AND ORIGIN OF THE TUMOUR 

Many papers have been written about the clinical 
and surgical aspects of Rathke's pouch tumours, yet 
the man whose name is associated with the tumour 
has received little attention in the recent literature. 
According to the Allgemeine Deutsche Biographie 
(1888), Martin Heinrich Rathke was born on August 
25, 1793 in Danzig on the Baltic Sea. He studied 
medicine in Góttingen, and qualified in Berlin in 
1817. He practised general medicine in Danzig, and 
became the Chief Medical Officer of the town in 
1825. He was appointed Professor of Physiology and 
Pathology in the University of Dorpat in 1829, and 
six vears later he succeeded C. E. von Baer as Pro- 





*Copies of this review may be obtained from The British 
Institute of Radiology, 32 Welbeck Street, London W1M 
7PG at a cost of 80p; remittance with order please. 


tPresent address: Department of Radiology, McMaster 
University Medical Centre, 1200 Main Street West, Hamil- 
ton, Ontario, Canada LSS 4]9. 





fessor of Anatomy and Zoology in Kónigsberg Uni- 
versity, a position which he held until he died on 
September 15, 1860. Rathke followed in the footsteps 
of von Baer, the founder of modern embryology, and 
it was during his study of the development of the 
pharynx that he discovered the origin of the pituitary 
gland. He wrote in 1838: 

"For a long time, | have noted that early in the 
development of many mammals, long before the 
gum is formed, and at a point lying very posteriorly 
in the roof of the primitive mouth, under the develop- 
ing skull base, there is a globular, somewhat irregular 
depression which looks like a thin-walled diverti- 
culum. For many years I failed to discover its 
significance, as when I tried to pursue its growth by 
examining older embryos, I found that the diverticu- 
lum had disappeared. Finally I realized that it was 
to form the pituitary gland." 

About 37 years later Mihalkivics (1875) estab- 
lished the stages of formation of the anterior lobe of 
the pituitary gland, and pointed out that the cells 
forming Rathke's vesicle multiply at different rates. 
'Those in the anterior wall are the fastest to grow; 
they acquire a large mass and constitute the main 
bulk of the anterior lobe. Cells in the posterior wall 
remain very few in number and become the pars 
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Fic. 1. 
“Rotation” of the pituitary gland. 


b — skull base, f —infundibulum, n —notochord, R — vesicle formed from Rathke's pouch, r — cell remnants of craniopharyn- 
geal duct. Note how the site of these cells is changed as a result of “rotation” of the gland. In (4) they lie at the base of 
Rathke's sac, but some may later acquire a position above the rest of the gland (c). 
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intermedia. The cavity of the vesicle is gradually 
reduced to a slit-like structure known as Rathke's 
cleft. It may persist into adult life as a distended 
cyst lined by cuboidal or columnar epithelium which 
is occasionally ciliated and may contain goblet cells. 
With the increase in size of Rathke's vesicle and 
perhaps because it is being compressed against the 
skull, the vesicle bends forward becoming crescentic 
and later U-shaped. As a result of this alteration in 
shape, sometimes described as “rotation” of the 
pituitary gland, the cells that were originally at the 
insertion of the craniopharyngeal duct are drawn 
away to the surface and acquire a new position above 
the rest of the gland (Fig. 1). This may explain 
why the majority of craniopharyngiomas occur 
above the pituitary fossa and only few are primarily 
intrasellar tumours. 

The concept that craniopharyngioma arises from 
remnants of Rathke’s pouch dates back to 1904 
when Erdheim made an extensive study of squamous 
epithelial cells in the hypophyseal area which were 
vaguely described earlier by Luschka in 1860 and 
Saxer in 1902. Erdheim detected these cells only in 
glands that belonged to adult patients (Fig. 2). 
They were usually present in groups or “islets” 
of variable size and shape. They varied in number 
between different individuals but they were larger in 
elderly subjects, suggesting that they might have 
increased in size with advancing age. They were us- 
ually present along the anterior surface of the in- 





Fic. 3. 


Squamous epithelial islets” in the hypophyseal area. 

Note the variability in size and shape of these islets and the 

presence of cystic degeneration in some of them. (By cour- 
tesy of Dr. A. F. J. Maloney, Edinburgh.) 


fundibulum of the pituitary gland and their struc- 
ture was reminiscent of stratified squamous epi- 
thelium (Fig. 3). Some contained small cysts, but 
no hair follicles, sebaceous or sweat glands were 
found. Because of the similarity of these cysts to 
some pituitary tumours—unnamed at that time— 
Erdheim (1904) believed that both are of the same 





H 


Fic. 4. 
(A) The distribution of squamous epithelial cells along the 
anterior surface of the pituitary infundibulum (arrow) 
UG and LG: Upper and lower groups of these cells, D: 
diaphragma sellae, AL and PL: anterior and posterior lobes 
of pituitary gland. 
(B) The position of the pars tuberalis (arrow), note its close 
similarity to the cells in 4. 
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origin, and called this type of tumour Hypophysen- 
ganggeschvülste or hypophyseal duct neoplasm. He 
found in Mihalkivies publication a plausible ex- 
planation to the common location of these tumours 
above the sella. 

Since. Erdheim's contribution, few studies have 
.been made of the squamous cells in the parapituitary 
area (Kivono, 1924; Carmichael, 1931). These 
authors, unlike Erdheim, found cornification and 
keratohyalin in some squamous islets, and Susman 
(1932) found some squamous cells in children when 
he examined 230 pituitary glands. 

The rarity of squamous cell rests in children led 
a number of investigators to challenge Erdheim's 
views that they give rise to tumours. Atwell (1926) 
described the developmental anatomy of the pars 
tuberalis, and suggested that at least some hypophy- 
seal duct neoplasms were in fact tumours of the pars 
tuberalis (Fig. 4). Hunter (1955), while agreeing 
that these tumours were of squamous cell origin, 
produced histological evidence that these cells are 
formed by metaplasia from pituitary glandular cells, 
and believed that this was the reason why they were 
more frequently seen in adults. Notwithstanding 
these objections, the general concept is in favour of 


TABLE I 
THe INCIDENCE OF CRANIOPHARYNGIOMAS IN 1002 CASES COLLECTED FROM THE LITERATURE 
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Erdheim’s suggestion, but why Rathke’s pouch 
tumours are more common in children despite the 
rarity of squamous cells in the pituitary area in the 
same age group, is not yet fully explained. 


NOMENCLATURE 

The name craniopharyngioma was introduced by 
Cushing in 1932. Commenting on the new termino- 
logy Cushing wrote: 

"This admittedly somewhat cumbersome term 
has been employed, for want of something more 
brief to include the kalaidoscopic tumours, solid 
and cystic, which take their origin from epithelial 





t 14.9% 21. 26. ay 


3 


36 
Age in years 
PIG.» Em 
Incidence by age and sex in 160 cases...” 











Age in years 





Authors CASES 0-10 11-20 | 21-30 | 31-40 | 41-50 | 51-60 | 61-70 
Bartlett, 1971 76 14 21 y 4 11 13 
Svolos, 1969 108 19 29 15 17 15 11 
Matson and Crigler, 

1969 57 39 18 ven == v — 
Passerini and Vaghi, 
1967 82 15 24 13 10 4 8 
Rougerie and 
Fardeau, 1962 26 11 4 — 5 1 5 
Krayenbuhl, 1961 59 13 14 7 8 12 4 
Barnett, 1959 62 10 18 9 7 8 4 
Northfield, 1957 49 11 12 10 3 10 3 
Witt et al., 1955 2 — — — — — — 
Iyer, 1952 1 (at 

birth) — — —— — — — 
Love and Marshall, 
1950 100 19 34 12 15 11 8 
Gordy et al., 1949 51 17 12 5 8 6 2 
Bayoumi, 1947 46 7 14 6 11 3 3 
Globus and Gang, 
1945 14 5 3 2 ] 2 1 
Wagener and Love, 
194 29 7 7 5 5 = — 
Bailey 1948 138 20 46 27 20 12 9 
Cushing, 1932 92 14 29 19 13 9 6 
Critchley and 
Ironside, 1926 19 1 8 5 2 1 2 
Total number 223 293 142 129 108 79 
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rests ascribable to an imperfect closure of the hypo- 
physeal or craniopharyngeal duct. From a develop- 
mental stand-point, they are variously called 
hypophyseal-duct tumours, craniopharyngeal duct 
tumours and Rathke's pouch tumours; from an ana- 
tomical basis, interpeduncular or suprasellar cysts; 
and from a histopathological basis, adamantinomas, 
which is still more unfortunate." 


Incidence 


Fic. 6. 


Incidence of craniopharyngiomas in 1,002 cases collected 
from the literature, 


INCIDENCE 

The incidence of craniopharyngioma among all 
brain tumours varies between 1-7 and 4-6 per cent 
(Zulch, 1965). In children, Ingraham and Scott 
(1946) estimated that these tumours form approxi- 
mately 13 per cent of all intracranial neoplasms. 
In the general population there is probably one or 
two new cases per million per year. 


AGE AND SEX 

The youngest case ever reported was a neonate 
presenting with obstructive hydrocephalus (lyer, 
1952). In the present series, the youngest patients 
were between two and three years of age at the time 
of clinical presentation. In elderly patients the pos- 
sibility of craniopharyngioma is often overlooked 
despite various reports to emphasize that an ap- 
preciable proportion of patients have their first 
symptom after the age of 40 (Russell and Penny- 
backer, 1961). In the present series 27 per cent of 
patients were over 40 years of age when they were 
first seen (Fig. 5). To assess the age distribution in a 
larger series, over 1,000 cases were collected from the 
literature (Table I). In these the incidence of the 
tumour was highest in the second decade and de- 
creased with advancing age (Fig. 6). 


PATHOLOGY 
About 54 per cent of the tumours in the present 
series were cystic, 32 per cent were partly cystic and 
14 per cent were solid, The cyst is usually multilo- 
cular, but occasionally the tumour is fermed of a 





A Fic. 7. B 


Cystic cramopharyngioma. 


(A) Stratified squamous epithelial lining of craniopharyngioma. 


(8) Ciliated columnar epithelial lining from a cyst of Rathke's cleft, 
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Fic. 8. C D 


Solid craniopharyngioma. 


(4) Adamantinomatous type: consisting of fibro-vascular cores surmounted first by a layer of dark staining columnar cells and 
then by more loosely packed squamoid cells. 


(B) Cholesterol clefts. 


(c) Epithelial whorls or ''pearls"', 


(D) Bone formation. 


single cyst. The inner wall may be smooth or may 
show papillary-like projections. The fluid within 
the cyst is vellow or brown in colour, and contains 
abundant glittering cholesterol material. It is often 
compared to ‘‘motor-oil” or "engine-oil", but when 
it contains dark brown blood the description "choc- 
olate-oil" is applied. Rarely, the fluid is bright 
red as a result of recent haemorrhage. Although cho- 
lesterol is a characteristic constituent of the fluid 
within craniopharyngiomas, its concentration in one 
of the cases was only 0-07 per cent. The protein 
content within the same cyst was 6:5 mg per cent. 

Approximately 96 per cent of all cystic cranio- 
pharyngiomas are lined by stratified. squamous 
epithelium (Fig. 7). The remaining 4 per cent have 
an epithelial lining which is cuboidal or columnar. 
This is often ciliated and may contain goblet cells. 
The latter type of cyst is referred to as cyst of Rath- 
ke’s cleft and is probably the same type of lesion 
once called colloid cyst of the pituitary gland. 

The solid portion of craniopharyngioma (Fig. 8) 
consists of groups or trabecullae of epithelial cells 
supported by loose connective tissue in which myxo- 
matous degeneration and cholesterol clefts may oc- 
cur. The epithelium is formed of a basal columnar 
laver and then stratified squamous epithelium with 
some resemblance to the developing enamel cells 
(ameloblasts or adamantoblasts), hence it is some- 
times described as the adamantinomatous type of 
craniopharyngioma. Other important features of 
craniopharyngioma include the presence of concen- 
trically arranged cells undergoing coagulative ne- 
crosis and known as "epithelial pearls”, calcification 


TABLE H 


COMPARATIVE ANALYSIS OF THE MAIN RADIOLOGICAL 
FINDINGS IN CHILDREN AND ADULTS 


Adults 


Children 





Plain skull radiographs 
Normal 
Abnormal 


Tumour calcification 


The sella 
Abnormal 
Widened outlet 
shortened or eroded dorsum 
uniform expansion 
destroved 





is common and bone formation may occur. There is 
no line of cleavage between the tumour and adja- 
cent brain or pituitary tissue (Fig. 9), but reactive 
gliosis may occur and forcible removal is accompan- 
ied by severe damage to the hypothalamus. Thus, 
although the cellular structure of craniopharyn- 
gioma is that of a simple benign tumour, it is 
locally invasive and difficult to eradicate. 


CLINICAL MANIFESTATIONS 
The various manifestations of craniopharyngioma 
are well known and their incidence in the present 
series was reported elsewhere (Banna, 1973; 
Banna et al., 1973). 
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TABLE III 
INCIDENCE OF TUMOUR CALCIFICATION AND SELLA CHANGES AS REPORTED BY OTHER AUTHORS 


Author No. of cases 


Kanaka and children 71-5% f. 
adults 50% 

almost 100°% 
53% 


56% 


Ramamurthi (1970) 58 
Matson and Crigler 57 children 
(1969) 
Svolos (1969) 94 (out of 108) 
Olivercrone series 

Passerini and Vaghi 82 
(1967) 


Rougerie and Fardeau 
(1962) 

Barnett (1959) 
Lindgren and Di Chiro 
(1951) 

Love and Marshall 
(1950) 

Gordy et al. (1949) 
McKenzie and Sosman 
(1924) 


Fic, 9, 


Boundary zone between craniopharyngioma and surround- 
brain. Note absence of any line of cleavage. 


Calcification 








Abnormal Sella 


Also many showed 
separation of sutures 


à 
approx. 50°, 


$ 
82-4% 


(a) With calcification 
<15 yrs: 88% 
>15 yrs: 86% 

(b) Without 
calcification 
<15 yrs: 100% 
>15 yrs: 73% 


In the first decade 
calcification was 
present in 93%, the 
incidence gradually 
diminishing with 
advancing age 
evan 50-60 it was 

af 

/o 


RADIOLOGICAL MANIFESTATIONS 

The pertinent radiological findings in children 
and adults are compared in Table II, and are com- 
pared with those published in the literature in Table 
ITI. 

Various types of calcification may occur in crani- 
opharyngioma (Fig. 10), usually involving the 
suprasellar region, but it may rarely be retrosellar 
or entirely within the sella (Fig. 11). It usually oc- 
curs about the mid-line but occasionally it may be 
limited to the peripheral part of a large lesion. In 
children, calcification in the sellar area is highly 
suggestive of craniopharyngioma, because in them 
other causes are rare. This is not the case in adults 
in whom tumours other than craniopharyngioma 
are more common. They include glioma, menin- 
gioma, cholesteatoma, ectopic pinealoma, pituitary 
adenoma, berry aneurysm and tuberculoma. 

Regarding the “sellar changes”, practically any 
type of sella may be seen in craniopharyngioma. 
On one hand, there are cases in which the sellar 
changes are classical of a suprasellar mass, but 
there are others in which they are indicative of an 
intrasellar neoplasm (Fig. 12). To exemplify the 
wide variation of the sellar changes, a few cases are 
illustrated in Fig. 13. Although advanced alteration 
or destruction of the sella is usually accompanied 
by a massive lesion, the reverse is not true. There 
were several cases in the series in which the sella 
was normal or showed minimal changes, yet the 
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C Fic .10, D 


Types of calcification in craniopharyngioma. 
(a) Single small calcified module. (B) Multiple nodular calcification. (c) Homogeneous dense calcification which histologically 
showed excessive bone formation. (p) Scattered ill-defined calcified nodules that mimic calcified tuberculomas, 
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Ł ic. 10. F 


(E) Curvilinear calcification. (F) Patchy calcification. 





A Fic. 11 H 


Rare sites of calcification. 
(A) Behind the sella. 
(B) Within the sella. 
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tumour size was enormous (Fig. 14) and might have 
been large enough to obstruct the interventricular 
foramen. 


ANGIOGRAPHY 
Conventional carotid angiography was perfor- 
med in 56 adults and 19 children. Abnormal find- 


ings consistent with suprasellar tumours were 


found in 57 per cent of the patients in the first group 


and 74 per cent of the second. Attention should be 

drawn to the following points: 

(1) When a pituitary or parapituitary tumour ts 
suspected on clinical examination, the possibility 
of craniopharyngioma in an adult patient should 
not be eliminated on the basis of normal! skull 
radiographs and a normal carotid angiogram. The 
present study showed that approximately two- 
fifths of the patients in the adult age groups had 





A Fic. 12. B 


(4) Widening of the outlet of the sella in keeping with a suprasellar tumour. 


(B) Uniform expansion of the sella indicative of an intrasellar lesion. 





A Fie. 13. H 


Variation of sella changes in craniopharyngioma. 


(a) Backward tilt of the dorsum sellae. (B) forward tilt of the dorsum. 
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Fic. 13 I 
Variation of sella changes in craniopharyngioma. 


! Double outline of the floor of the sella. (p) J-shaped sells. (E) Ballooned sella. (F) Complete destruction of all sella com- 
ponents. Note that with the exception of minute flecks of calcium in (D) (arrow) all these examples and the preceding ones 
were not associated with tumour calcification. 
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normal skull radiographs and normal carotid 
angiograms. This is not the case in children in 
whom some abnormality was detected on the 
plain skull radiographs in 94 per cent of the 
cases. 

(2) In more than 50 per cent of the angiograms 
there was no elevation of the horizontal segment 
of the anterior cerebral artery, although in some 
the tumour extended high enough to obstruct 
the foramen of Monro. One assumes that in 
such a case the tumour grows like a pear behind 
the anterior portion of the circle of Willis. 





Fic. 14. 


Conray ventriculogram of a massive craniopharyngioma oc- 

cupying a large part of the 3rd ventricle (arrows) and dis- 

placing the aqueduct and 4th ventricle yet there are only 

minimal changes in the sella in the form of slight erosion of 
the dorsum sellae. 





Fic. 16. 


TESTS (A) lateral and (B) anterio-posterior views of a right common 
Fic. 15. carotid angiogram of an eight year old boy presenting with 
sudden collapse who was found to have a craniopharyngioma 
extending into the temporal lobe and occluding the middle 

cerebral artery (arrow). 





Selective internal carotid injection illustrating enlargement 
of the meningohvpophvseal artery (arrow) as a rare finding 
in cramopharyngioma. 
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| here wert Cases 11 the SClFICS which showed 

most identical filling defects in the 3rd ven- 
tricle, vet the horizontal segment of the anterior 
cerebral artery might be elevated in one and not 
the other. Gado and Bull (1973) explained that 
in artery which follows a straight horizontal 
direction is more amenable to displacement than 
that running forward and medially. 

+) No pathological tumour circulation was noted 
in any of the cases, but the meningo-hypophyseal 
irtery was enlarged in one case (Fig. 15). 

5) Vascular occlusion 11 d fashion similar to that 
seen occasionally in parasellar meningioma was 
secn in one case This Was a child investigated 
tor sudden collapse and was found to have oc- 

clusion of the middle cerebral artery from a 

craniopharyngioma extending into the middle 





cranial fossa (Fig. 16). 


i 31 


Vertebral angiography reveals the posterior 
extension of cramopharyngioma (Fig. 17) and its 
indication ought to be considered 1f "total" re- 


moval of the tumour is contemplated. 


AIR STUDIES 
[he results of analysis of the pneumoencephalo- 
grams seemed to agree with the concept that there 
are two distinct sites of origin ol craniopharyngioma; 
one above the diaphragma sellae and the other below 
it (Fig. 18). The first obliterates the suprasellar 


cistern at an early stage and is invariably associated 
with a filling defect in the 3rd ventricle (Fig. 19). 





ic. 18 


Pneumoencephalograms. 
(A) Cramopharyngioma that appears to arise above the 
diaphragma sellae (arrows). 





IG / " 
FIG. ] (B) Craniopharvngioma that appears to arise from within the 
Posterior displacement of the basilar artery by cramopharyn- sella and its extension above the sella (arrows) is elevating 
gioma. Performed after ventriculo-atrial shunting the suprasellar cistern. 
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Fic. 19. 


Pneumoencephalogram: filling defect in the 3rd ventricle 
from craniopharyngioma (arrow). 


The sella may show widening of the antero-posterior 
diameter or it may remain intact. Whether oblitera- 
tion of the cistern is due to tumour invasion or to its 
compression against the diaphragma sellae is not 
clear, but there was no case in the series in which 
the cistern was outlined beneath a craniopharyn- 
gioma. In the second type where the tumour was 
thought to originate below the diaphragma sellae 
(approximately 15 per cent of cases in the series), 
the sellar changes were consistent with intrasellar 
tumour, and were often difficult to differentiate 
from those caused by pituitary adenoma. If the 
lesion was small the suprasellar cistern was outlined 
above the tumour and the anterior recesses of the 
3rd ventricle were not necessarily deformed. In some 
cases the tumour extended in front of the 3rd ven- 
tricle leaving the anterior recesses intact (Fig. 20); 
depending on the relationship of the recesses to the 
pituitary fossa. 

In anv age group, tumour growth in various direc- 
tions was seen but massive lesions were more fre- 
quent in children and often appeared to arise above 
the sella (Fig. 21). 


CYSTOGRAPHY 
The inside lining of a cystic craniopharyngioma 
can be outlined by air or steripaque (Fig. 22). 
The use of thorium is long out-dated. Steripaque is 
an inert substance composed of very fine barium 
particles ranging from 0-1 to 0-5 p in size. It is 
usually injected undiluted in a dose of 1-3 cm?. 
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Fic. 20. 
calcified 





craniopharyngioma 
(arrow) growing upwards and slightly forwards leaving the 
anterior recesses of the 3rd ventricle intact. 


Conray — ventriculogram: 


It readily adheres to the cyst wall, and remains 
there indefinitely. Its value is to assess the size of 
the tumour by comparing sequential radiographs 
taken in the brow-up and brow-down positions. 


IsOTOPE SCINTIGRAPHY 
Only the large and solid craniopharyngioma can 
be detected by isotope scanning (Fig. 23). Small 
tumours and cystic lesions do not appear on the 
Isotope scan. 


COMPUTERIZED ‘TOMOGRAPHY 

With this technique, the cholesterol content of 
the tumour has negative values on the computer 
print-out and appears as an area of very low density 
on the Polaroid picture (Ambrose, 1973). Follow- 
ing contrast enhancement, the "capsule" of the 
tumour may appear very dense. These features are 
extremely helpful and are almost pathognomonic 
of cystic craniopharyngioma. The solid non-calcified 
craniopharyngioma, on the other hand, appears as 
an infiltrative lesion and is impossible to differentiate 
from invasive tumours in the hypothalamus. As in 
any other pituitary tumour, it is only the suprasellar 
extension of the lesion that can be detected by com- 
puter tomography (Fig. 24). 
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Fic. 21. 
Tumour extension in various directions 
(4) Upward extension into the 3rd ventricle (arrows) in a fashion that simulates a primary intraventricular neoplasm. 
(B) Occlusion of the foramen of Monro. Note relatively little change in the sella. 


€) Tumour extension into the frontal lobes. Note despite the large tumour volume (arrows) there is little change in 
the sella 


(D) Tumour extension into the brain stem and posterior fossa. Arrow points at the displaced 4th ventricle. Note also the 
posterior displacement of the pontine cistern. 


(EF) Extension into one cerebral hemisphere. The illustration is a combined air ventriculogram and right carotid angiogram 
showing displacement of the ventricular system to the left. There was no filling of the anterior cerebral artery from that side. 
Arrow points to an area of faint calcification. 


(F) Tumour extension between the two cerebral hemispheres. Arrow points to an air-filled cyst between the two lateral 
ventricles 


(G) Excavation of the pituitary fossa. This air-filled mid-line cyst represents only the intrasellar portion of a massive 
cramopharyngioma, Arrows point to what probably were the anterior clinoid processes. The extrasellar portion of the 
tumour is shown in (H). This patient was alive and reasonably well 15 vears after these radiographs were taken. 
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Fic. 22. 


Cystography. 


(A) Using air as a contrast medium: arrow points to papillary 
outgrowths within the cyst. 


(B) Using steripaque: the solid part of the tumour was well 
outlined in the Towne's projection. 
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(£ and; F) Suprasellar non-calcified solid craniopharyngioma. (E) measured at window level 10. (F) is contrast enhanced 
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ABETRACT 

We have previously reported on the causes of death 
among 2,068 patients treated with X irradiation for metro- 
pathia haemorrhagica at three Scottish radiotherapy centres 
between 1940 and 1960 (Doll and Smith, 1968). This cohort 
of women has now been followed up for a further seven 
years. 500 (24 per cent) women have now died, 78 (3-8 per 
cent) have emigrated and 25 (1:2 per cent) could not be 
traced. 

The numbers of deaths from different causes have been 
compared with the numbers expected in a population of 
imilar age and sex exposed to the Scottish national mor- 
4Utv rates over the same period. An excess of deaths 
from leukaemia (seven observed, 2:3 expected) and of can- 
cers of the heavily irradiated sites (59 observed, 40-1 ex- 
pected) continues to be observed five or more vears after 
treatment, There is no indication of any change in the 
excess death rate, due to cancers of sites in the radiation 
held, with time since treatment up to at least 20 years after 
the radiation exposure. Over the same period the number of 
deaths from cancer of the breast was below expectation 
(ten observed, 22-3 expected) and no increased mortality 
from coronary disease was seen (102 observed, 100-9 ex- 
pected), 

The mean dose of radiation to the bone marrow has been 
determined for each woman and it is estimated that the 





We have previously reported the results of a follow- 
up study of 2,068 women treated for metropathia 
haemorrhagica by X irradiation of the ovaries at 
three Scottish radiotherapy centres between 1940 
and 1960 (Doll and Smith, 1968). The mortality 





experience of the women up to January 1, 1964 was - 


compared with the national mortality rates for 
Scotland. Five or more years after treatment, an 
excess mortality rate was noted for leukaemia and 
for cancers of sites included in the treatment radia- 
ton feld, while there was a deficit of deaths from 
cancer of the breast. The numbers of deaths from 
coronary thrombosis and from all other causes were 
close to those expected. 

Át the time of this study the women had been 
followed for between three and 24 years, with a 


mean of 13-6 years. We have since extended the 
period of follow-up of this population in order to 
examine in more detail the late effects of the radia- 
tion exposure; and, in particular, to assess whether 
there has been any change in the risk of dying from 
a radiation associated cancer with time since the 
initial exposure, 


THE Data 

Details of the study population and the nature of 
the radiation exposure have been described previ- 
ously (Doll and Smith, 1968). All of the women were 
treated with X rays for metropathia haemorrhagica 
(97 per cent) or other benign gynaecological ‘con- 
ditions (3 per cent) between 1940 and 1960. For 
much of this period X irradiation was used in pre- 
ference to surgery or hormone therapy for the treat- 
ment of metropathia haemorrhagica in the three 
selected centres and there was no selection of the 
more seriously ill patients for radiotherapy. 

An attempt has now been made to extend the 
follow-up from January 1, 1964, when the last study 
was completed, as follows: Aberdeen to January 1, 
1971; Edinburgh to January 1, 1972 and Dundee to 
January 1, 1973. The results of this follow-up are 
shown in Table I. The different dates for each 
centre reflect the order in which the follow-up of pa- 
tients from each of the centres was undertaken. At 
the time of follow-up 2,040 (98-7 per cent) women 
had been treated only once; but 24 (1-2 per cent) 
had been irradiated a second time and three (0-1 per 
cent) a third time for recurrence of bleeding. In 
some cases subsequent therapy was with radium. 
Eighty-five women were found to have received fur- 
ther therapeutic irradiation for other reasons—- 
74 (3-5 per cent) for the treatment of a subsequent 
cancer and 11 (0-5 per cent) for thyrotoxicosis or 
some other benign condition. The period of follow- 
up ranges from 10-31 years with a mean of 19-0 
years. Seventy-one per cent of the patients were 
still alive, 4 per cent had emigrated, 24 per cent had 
died and 1:2 per cent (25) were incompletely traced. 
Copies of the death certificates were obtained for all 
those who had died and the causes of death were 


224 


Marcy 1976 


Late effects of X irradiation in patients treated for metropathia haemorrhagica 


TABLE I 
STATE OF PATIENTS AT END OF PERIOD OF FOLLOW-UP 














State 1.1.1971 
Alive 
Dead 
Emigrated 


Lost 


Date of follow-up 


Aara nainn E AAEE AAAA LA UR E IRIAN AAR LS 





Radiotherapy centre 


Aberdeen | Edinburgh | Dundee 


'Total 
1.1.1973 No. e 
1,464 70-8 
500 24-2 
78 3:8 
25 1:2 
2,067* 100-0 


*2,068 patients were included in the previous report (Doll and Smith, 1968). One patient was found to have been incorrectly 
included twice, another was found to have received radium in her first treatment course and has therefore been excluded and 
one patient is now included whose notes were first found after 1968. 


classified according to the seventh revision of the 
International Classification of Diseasef (World 
Health Organization, 1957). 

The numbers of deaths expected were estimated 
by multiplying the number of woman-years at risk 
during the period of the study by the corresponding 
national mortality rates for Scotland. The numbers 
of vears at risk were calculated separately for each 
five-year age group and for each quinquenium from 
1941-45 to 1966-70 and for the two-year period 
1971—72. Women were regarded as having left the 
study on the date of death or emigration or on the 
last date traced, if this preceded the follow-up date 
appropriate for the centre. Age-specific death rates 
for the general population for the corresponding 
periods were calculated from the data published 
annually by the Registrar General for Scotland, and 
the years at risk in each age and period group were 
multiplied by these rates to give the numbers of 
deaths expected by cause. 


RESULTS 
Five hundred women are known to have died in 
the period between first treatment and the last fol- 
low-up. The distribution of these deaths by selected 





Tin our 1968 paper, deaths were tabulated as due to coron- 
ary disease if they would have been given the code 420 
under the seventh revision of the International Classification 
of Deaths (World Health Organization, 1957). However, 
the coding for coronary disease was extensively revised at 
the eighth revision (World Health Organization, 1967) and 
in this paper we have tabulated deaths coded 420 and 422-1 
(seventh revision) as coronary disease; these codes are ap- 
proximately equivalent in the eighth revision to the codes 
410-0, 410-9, 411-0, 411-9, 412-9, 413-0, 413:9, and ap- 
proximately half of deaths coded as 412-0. 


causes is shown in Table II together with the ex- 
pected mortality. The number of deaths from all 
causes is remarkably close to that expected and there 
is only a slight, not statistically significant, excess of 
deaths attributable to all neoplasms. As previously 
reported, however, there is a significant (P « 0-03) 
excess of deaths from leukaemia, seven observed 
and only 2-7 expected, one more death from this 
cause having occurred since the 1964 follow-up. 
There is also a significant increase in mortality from 
cancer of the heavily irradiated sites and a marked 
deficit of deaths from cancer of the breast. The 
increased mortality due to multiple myeloma or the 
lymphomas is not statistically significant. The num- 
bers of deaths from other causes are close to those 
expected, except for two deaths from aplastic anae- 
mia and three from non-neoplastic diseases of the 
female genitals. 

We have discussed previously (Doll and Smith, 
1968) how the initial pelvic examination, to which 
all the women in the study will have been subjected, 
may have selected out those women with existing 
primary pelvic cancers and thus a deficit of deaths 
from such causes might be expected in the period 
immediately following the initial treatment. We have 
therefore compared the observed and expected 
deaths for different periods after the initial treatment 
and these results are shown in Table III. The ex- 
cess of deaths from leukaemia and from cancers in 
the heavily irradiated sites occurred only five years 
after irradiation. An excess is still apparent, though 
not statistically significant, 20 years or more follow- 
ing treatment among cancers of the heavily irradiated 
sites. The deficiency of deaths due to cancer of the 
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TABLE H 
NUMBERS OF DEATHS OBSERVED AND EXPECTED, BY CAUSE 


Cause of death 
(I. c. D. code*) 
PONNRN (204) 
| Cancer of heavily irradiated sites (152-4, 171—6, 181) 
| Multiple myeloma (203) m 
Lymphomas (200—2, 205, 208) 
Unknown primary (158-9, 165, 190-1, 196-9) 
Cancer of breast (170) 
| | Other cancers 


Iano rie fva tio 











— (ER ne 








AH neoplasms (140—239) 
| Aplastic anaemia (292-4) 
| Coronary disease (420, 422-1) 

Childbirth (640-689) 
| Diseases of genitals, breast, ovary, etc. (620-6, 
| 630-7) 
Other causes 


| All causes 





EE 
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Number of deaths 





Observed Expected 
E O/E Pt 
2-69 2-60 « 0-03 
61 47.28 1-29 < 0-04 
3l 1-28 l 
4 3-13 } ae ee 
7 5.24 1-34 — 
14 26-86 0-52 < 0-005 
50 49-59 1-01 — 
146 136.07 1-07 — 
2 0-25 — « 0-03 
104 105-48 0-99 — 
0 0-27 — — 
3 0-68 — «0-04 
245 256.38 0-96 
500 499-13 1-00 — 


*International classification. of disease—7th revision (WHO, 1957) 

+The probability shown (P) is the probability that as large or larger a difference as that observed will be obtained by chance 
alone in the direction actually observed. The use of a “one-tailed” test is justified because the hypothesis being tested is that 
irradiation will increase the risk of cancer in irradiated sites and decrease the risk of cancer of the breast. 

{includes one death which was certified as due to myeloid leukaemia but, on subsequent investigation of the patient’s 





hospital notes, was found to be due to myelomatosis. 


TABLE HI 
NUMBER OF DEATHS OBSERVED AND EXPECTED BY CAUSE AND TIME SINCE FIRST TREATMENT 
















| Cause of death 0—4 

IL een Obs. 0 3 

Exp. 0-35 0-47 

| O/E 0-00 6:38 

| Cancer of heavily Obs. 2 15 

| irradiated sites Exp. 7:20 9-18 
OJE 0:28 1:63 

| Cancer of breast Obs, 4 2 

Exp. 4-35 5:79 
OfE 0-88 0-35 

| Other cancers Obs. 7 7 

i Exp. 6-86 10-16 

| OJE 1:02 0-69 

| All neoplasms Obs. 13 27 
Exp. 18-94 25-60 
O/E 0-69 1-05 

l Coronary disease Obs. 2 11 

: Exp. 4-60 10-97 

| Other causes Obs. 50 35 
Exp. 33-84 | 41-24 
O/E 1-48 0-85 

F All causes Obs,  |65 73 

i Exp. 57-38 77:81 

| O/E 143 | 0:94 

NR 

#See footnote (+) to T: able 1. 


Time since first treatment (years) 





‘Total five years or 
more after 
treatment* 
























0 7(P «0-01) 
0-19 2:33 

0-00 3-00 

4 59 (P 0-004) 
2-94 | 40-08 

1:36 1:47 

0 10 (P < 0-003) 
132 | 2233 

0-00 0-45 

6 57 

4:33 | 52.39 

1:39 1-09 








| 133 (P <0-08) 

417-13 

1-14 
102 

100-88 

1-01 

































47 200 
PAT | 223-75 
0-90 0-89 

111 435 
105-68 441-76 
1-05 0-98 
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breast is notable only five years after the initial 
treatment, but the observed deaths from this cause 
remain below the expected number more than 20 
years after the irradiation. Deaths from other 
cancers, coronary disease, and all other causes are 
close to the expected number of cases in each time 
period. We have previously commented on the high- 
er than expected mortality from other causes in the 
first five years following treatment, for which we 
have no explanation. 

The 27 women who received a second course of 
treatment for metropathia are included in Table IH 
as being at risk to the end of the follow-up period. 
Exclusion of the period at risk subsequent to the 
second course makes only minor differences to the 
table. Eight of these women died, only one dying of 
cancer of a site in the radiation field (bladder). 

The excess of cancers of the heavily irradiated 
sites, five or more years after treatment, is dis- 
tributed fairly evenly over the individual sites as is 
shown in Table IV. The observed number of deaths 


TABLE IV 
DEATHS FROM CANCERS OF HEAVILY IRRADIATED SITES FIVE 
OR MORE YEARS AFTER IRRADIATION, BY PRIMARY SITE 





Number of deaths 
Primary site of cancer |— — 
(LC.D, code) Observed | Expected | Obs./Exp. 


bernie eer Tir roten nennt rama rh eret titt ticis ioa P Ett 








Intestines (152-153) 24 13-86 1:73 
Rectum (154) 8 5:23 ‘ 
Uterus (171-174) 16 10-34 

Ovary (175) 8 7:66 

Other pelvic sites 

(176) Ü 0-85 

Bladder (181) 3 2:15 

All heavily 

irradiated sites 39 40-08 


from cancer of the ovary is close to that expected, 
but the variation in the ratio of observed to expec- 
ted deaths between the sites is not statistically signi- 
ficant. | 

'The ratio of observed to expected deaths for can- 
cers of the heavily irradiated sites decreases with 
time since treatment five or more years after irradia- 
tion (Table III and Table V) but this decrease is not 
statistically significant (Xi? (trend) —0-37). Also 
shown in Table V is the excess of the observed 
deaths over the expected number in each period. 
The excess deaths may be regarded as an estimate 
of those deaths which may be attributed to irradia- 
tion. The excess deaths per 100,000 woman years at 
risk shows little variation at different time periods 
five or more years after treatment. The average for 
this period being 65 per 100,000 with 95 per cent 
confidence limits of 17 to 123 per 100,000 woman 
years at risk. 

In Table VI we examine the mortality according 
to the age of the patient when first treated. The ratio 
of observed to expected deaths for cancers of the 
heavily irradiated sites increases with increasing age 
at first treatment, there being little excess risk in 
those treated under the age of 46 years. The trend, 
however, is not statistically significant (X3? (trend = 
3-03; P « 0-09). 

However, in this situation, even a constant relative 
risk with respect to age at first treatment implies an 
increasing absolute excess risk with increasing age 
at first treatment, as the expected death rate, based 
upon national mortality statistics, from cancer of 
sites in the radiation field increases with age. This 
effect is demonstrated in Table VII, the number of 
deaths attributable to the radiation exposure per 
100,000 woman vears at risk increases from 17 in 
those aged less than 46 years at first treatment, to 


TABLE V 


NUMBERS OF OBSERVED AND EXPECTED DEATHS FROM CANCER OF THE HEAVILY IRRADIATED SITES SHOWN BY TIME SINCE 
TREATMENT AND YEARS AT RISK 





'Time since first treatment (vears) 





——————ÀA 


Deaths from cancer of heavily Obs. 





irradiated sites Exp. 
OJE 
Excess deaths O-E 





Woman years at risk 





Excess deaths per 10? woman years 
at risk 


NENNEN TUM dtm MERE nsum E aain MEEMEEMEEMEMMMMED EM EE —— M M tht 


aget RAN aranana nani orent etr Ri trm aeree ier Doe nenne erre rem mnm rrt a, rrr rte Pn Hist RAIN eer 





Five years or more 





20-24 25 4- after treatment 
9 4 59 
6-91 2-94 40-08 
1:30 1:36 1:47 
2:09 1:06 18-92 
3,333 1,131 29,208 
63 94 65 
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TABLE VI 
NUMBER OF OBSERVED AND EXPECTED DEATHS FIVE OR MORE 
YEARS AFTER IRRADIATION FOR SELECTED SITES SHOWN BY AGE 
AT FIRST TREATMENT 


v 








MEA 


Age at first treatment 
(years) 
(mean age) 





































Less than More 
| 46 46-50 | than 50 

| Cause of death (42) (48) (53) 
| Leuksemia Obs. | 3 3 1 
| Exp. 1-07 0-90 0-37 
| OE 2°80 3.33 2°70 
i 

Cancer of heavily Obs, 21 25 13 

irradiated sites Exp. 18-31 15:48 6:30 
| OE | 1-15 1-61 2-06 
| Cancer of breast Obs. | 4 6 0 
| Exp. | 11-19 8-22 2-92 
| O/E 0-36 0-73 0-00 
| Other cancers Obs. | 28 23 6 
| Exp. | 2340 20:61 8-68 
| OE | 121] 112| 0-69 
c PUPPES HIMEN, CHINE: SOME OR a, 
Al neoplasms Obs. 56 57 20 
i Exp. 53-66 45.21 18-26 
OE 1-04 1:26 1:10 
| Coronary disease Obs. | 41 43 18 

Exp. 36-68 41-86 " 

| OWE 1-12 1-03 . 

Other causes Obs. 98 75 
i Exp. i 86-09 89-40 

OE | 1-10 | 0-84 





All causes 


os TABLE VII 
DEATHS FROM CANCER OF HEAVILY IRRADIATED SITES FIVE OR 


MORE YEARS AFTER IRRADIATION 





Age at first treatment 
l (vears) | 
imean age) 


"ADR Vcl de P Srt dri ed 















More 
than 50 
| (53) Total 
Deaths from 
| cancer of heavily 
irradiated sites | 
| (Qi) i 21 25 | 13 39 
| Expected number | 
| of deaths (E) | 1831 | 15-48 6:30 | 40-08 
Excess u 
| deaths (O-E) | 2-69 9-52 6-70 18-92 


| Woman years of 
risk 

| Excess deaths 

| per 10° woman 
vears at risk 17 


16,126 | 10,038 3,044 | 29,208 


| 95 220 | 65 
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220 in those first treated at age 51 years or more. 


50 and 56 years respectively, but they are too few to 
make detailed analysis worth while. 

À deficiency of deaths from cancer of the breast 
is seen regardless of the age at first treatment; the 
effect is least marked in those treated at ages 46-50 
years but there is no clear evidence of a change with 
age at irradiation (Table VI). 

The number of deaths from coronary disease 
shows no significant departure from the expected 


TABLE VIII 
NUMBER OF OBSERVED AND EXPECTED DEATHS, * FIVE OR MORE 
YEARS AFTER IRRADIATION, FOR SELECTED SITES SHOWN BY 
ESTIMATED BONE MARROW DOSE. 


Estimated bone marrow dose 





(rad) 
(mean dose) 
Less 150 or 
than 125/125-149 | more 
Cause of death (109) (141) (165) 
Leukaemia Obs, 2 | 3 2 
Exp. 0-89 1:16 0-25 | 
O/E 2:25 2-59 8-00 
Cancer of heavily Obs. 25 24 "AM 
irradiated sites Exp. 15-80 19-61 4:25 
O/E 1-58 1:22 2°12 | 
Cancer of breast Obs. 3 6 1 
Exp. 8-23 11-39 2-46 
O/E 0-36 0-53 0-41 
Other cancers Obs. 29 26 i 
Exp. 20-53 25°73 8-59 
QE 1-41 1-01 0-18 
All neoplasms Obs. | 59 59 13 
Exp 45-46 57-89 12:55 
O/E 1:30 1-02 1:04 
Coronary disease Obs 30 60 12 
Exp. 42-58 47-08 10-22 
O/E 0-70 1:27 1:17 
Other causes Obs 82 93 20 
Exp 97:17 | 102-38 21:85 
O/E 0:84 0-91 0-92 
All causes Obs 171 21 2 45 





*The numbers in this table are not directly comparable 
with those in previous tables, as women receiving a second 
treatment course of radiation for metropathia have been 
withdrawn from the analysis at the date of the second course. 
This was necessary because of the difficulties associated 
with combining dose estimates from two or more treatment 
courses separated in time, 
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TABLE IX 


EXCESS DEATHS" FROM LEUKAEMIA AND CANCER OF THE 
HEAVILY IRRADIATED SITES OCCURRING FIVE OR MORE YEARS 
AFTER IRRADIATION, SHOWN ACCORDING TO ESTIMATED BONE 

MARROW DOSE 


Estimated bone marrow 
dose (rad) 
(mean dose) 


150 or 
than 1251125-149| more 
(141) (165) 


—— P Woe AAT E tessera | Sere 


Less 













Woman years at 


risk 3,238 


Leukaemia excess 
deaths (observed- 
expected) 
Excess deaths/10? 
woman vears at 
risk 








Cancers of 
heavily irradiated 
sites— excess 
deaths 

Excess deaths/10? 
woman years at 
risk 





*See footnote to Table VIII. 


number at different ages at first treatment, but there 
is a slight, non-significant, tendency for the mor- 
tality ratio to decrease with increasing age. The 
ratio of observed to expected deaths from all causes 
shows a significant decrease with increasing age at 
first treatment (X12 (trend) --5:82; P « 0-02). This 
decrease is largely attributable to deaths from 
causes other than neoplasms or coronary disease 
(X? (trend) —8-.50; P«0-004) This finding was 
unexpected and we have no explanation for it. 

The estimated radiation dose to exposed organs 
has been made only for the bone marrow, using the 
method developed by the Committee on Radiologi- 
cal Hazards to Patients (1966). T'his dose is, how- 
ever, likely to be approximately proportional to the 
dose received by the principal sites in the radiation 
field. An estimated bone marrow dose of between 70 
and 190 rad was received by 99-4 per cent of patients 
during their initial treatment and the mean dose for 
the whole group of patients was 134 rad. Table VIII 
shows the distribution of observed and expected 
deaths for patients grouped in three divisions of 
estimated dose, and Table IX shows the excess 
deaths from leukaemia and from cancers of the 
heavily irradiated sites per 100,000 woman years at 
risk in each of the dose groups. The mortality from 


2 
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leukaemia increases with dose but a clear relationship 
is not apparent for cancers of the heavily irradiated 
sites; the numbers of excess deaths are too small in 
each group to allow firm conclusions. Overall, the 
excess death rate from leukaemia was 16:3 per 
100,000 woman years at risk five or more years after 
treatment, and the mean marrow dose for all women 
was 134 rad. Thus, on the simplest assumption of a 
linear dose response relationship, we would estimate 
the average annual incidence of leukaemia attribut- 
able to radiation, five or more years after the radia- 
tion exposure, to be 1-22 per million women per year 
per rad (95 per cent confidence intervals are 0-13 
to 3-13 per million women per year per rad). For the 
first 20 vears after irradiation the excess rate is esti- 
mated to be 1-06 per million women per year per 
rad (95 per cent confidence intervals are 0-16 to 
2:65). 

In Table VIII, the ratio of observed to expected 
deaths from cancers of non-irradiated sites (exclud- 
ing leukaemia and cancer of the breast) declines with 
increasing estimated bone marrow dose (Xi? (trend) 
—6-07; P « 0-02). We have no explanation for this 
observation. | 

Details of the treatment received by the additional 
woman dying from leukaemia since the last report 
are as follows: 

Case No. 10439 

Aged 48 years, treated 1953 with one dose of 300 

rad and one dose of 250 rad at one week's interval 

to two anterior and two posterior pelvic fields 
each 15x 10 cms; mean marrow dose 139 rad. 

Erythroleukaemia diagnosed February 1971, 

died April 9, 1971. 


Discussion 

In our previous publication (Doll and Smith, 
1968) we reviewed the studies of cancer mortality 
following a radiation induced menopause that had 
been reported to that date. Since then a number of 
other studies have been described. Brinkley and 
Haybittle (1969) followed 277 women for between 
15 and 25 years after an X-ray induced menopause. 
They found a threefold excess of cancers of the 
heavily irradiated sites five or more years after ir- 
radiation and an increase in deaths due to coronary 
or cerebrovascular disease, notable only in the first 
five years following treatment. No deaths from 
leukaemia were noted but only 0-24 were expected, 
These authors also studied cancer incidence data 
and found essentially the same results as from their 
study of mortality. There was no reduction in the 
incidence of breast cancer, which the authors suggest 
may have been due to the older age of their patients 
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at the time of treatment; but the numbers involved 
were very small (five against 5-87 expected). Alder- 
son and Jackson (1971) traced 2,049 patients treated 
with radium (15 per cent) or X rays (85 per cent) 
between 1946 and 1960. In the period of follow-up 
no excess was found of cancers of the heavily irra- 
diated sites, but four cases of leukaemia were 
identified whereas only 1-8 were expected. All of the 
leukaemia deaths occurred five or more years after 
treatment and when this period only was considered 
the difference became statistically significant. A 
deficit of deaths from cancer of the breast was ob- 
served and coronary disease was elevated, though 
not significantly so. The results of these two studies 
and ours with respect to deaths from leukaemia and 
cancers of heavily irradiated sites are summarized in 
Table X. The data are tabulated according to the 
time since treatment in five-year periods. The find- 
ings in the three studies are essentially compatible 
and any differences may be due to the small numbers 
of deaths involved. Dickson (1969) has reported the 
follow-up of 4,010 women treated with radium for 
benign uterine haemorrhage between 1926 and 1966. 
An increased incidence of uterine carcinoma was 
found but there was no significant increase in cancer 
of other pelvic organs or of leukaemia. However, 
less than 50 per cent of the treated patients were 


adequately traced and thus interpretation of the 
findings is very difficult. 

À contrary finding with respect to leukaemia in- 
duction is provided by studies of patients treated 
with X irradiation for cancer of the cervix. Simon 
et al. (1960) reported no increased leukaemia mor- 
tality among 71,000 patients treated with radium, 
but interpretation of this finding was made diffi- 
cult because of incomplete follow-up of the popula- 
tion. Hutchison (1968), however, has reported a 
similar finding among 29,493 patients treated with 
radium and/or external X-ray therapy from 1960 
onwards at 29 centres in an international study. 
These patients have been carefully followed and 
onlv four cases of leukaemia have been observed 
against about 5:5 expected. The expected number of 
cases in the period four or more years after treatment 
was only 2-7 and three cases were observed so that a 
possible fourfold increase in risk could be excluded 
but a threefold increased risk remained possible. 
The mean dose to the marrow for three-quarters of 
the patients was estimated to be from 300 to 1,500 
rad. Based on the experience of the survivors of the 
Nagasaki and Hiroshima atomic bomb explosions 
and that of patients treated with X rays for ankylos- 
ing spondylitis, the International Commission on 
Radiological Protection (ICRP) (1966) has estimated 


TABLE X 


NUMBER OF DEATHS OBSERVED AND EXPECTED FROM LEUKAEMIA AND CANCER OF THE HEAVILY IRRADIATED SITES BY TIME 
SINCE FIRST TREATMENT, IN THREE BRITISH SERIES OF PATIENTS 














Ee PTT UU tage eT 
| Time since first treatment (years) 
| 0-4 | 5-9 10-14 15+ 5 +. 
| Cause of death Authors Obs./Exp. Obs./Exp. Obs./Exp. Obs./Exp. Obs./Exp. 
| Leukaemia | Doll and Smith (1975)* 0/0-35 3/0-46 2/0-60 2/1-24 7/2:31 
| Alderson and Jackson | 
| (1971) 0/0-31 3/0-37 1/0-36 0/0-36 4/1-09 
| | Brinkley and Haybittle | 
| | (1969) 0/0-05 (not given) | (not given) | (not given) 0/0-19 
| | Combi ned. series 
oe fExp.) 0/0-71 6/0-83 3/0-96 2/1-60 11/3-59 
(0-00) (7-23) (3:13) (1-25) (3:06) 
| Cancer of heavily Doll and Smith (1975)* 2/7-14 15/9-10 17/10-79 26/ 19.77 58/39-66 
irradiated sites Alderson and Jackson 
| : (1971) 3t/4-78 9/6-05 8/5-66 1/4-99 18/16-70 
| | Brinkley and Haybittle 
| | (1969) 2/0-79 (not given) | (not given) | (not given) 9/3-06 
| | Combined series 7/12-71 24/15-45 25/16-45 27/24-76 85/59-42 
| ps s, Ex (0-55) (1:58) (1:52) (1-09) (1:43) 
j 





*5ee footnote to T eile VI n 


tData shown for leukaemia relate only to patients treated with X rays. 


{Excludes five patients with malignancy at time of radiation. 
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that 1 rad to the whole body might be expected to 
produce 20 cases of leukaemia per million persons 
in the first 10 to 20 vears after exposure. If we as- 
sume that the mean marrow dose to three-quarters 
of the patients in Hutchison's series was 1,000 rad 
(Hutchison, 1968) and consider their experience four 
or more years after treatment, then a minimal esti- 
mate of the expected number of cases of leukaemia 


would be 1,000 (rad) x 3/4: 31,479 (the number of 


years at risk four or more years after treatment) X 
10-6 (assuming an induction rate for leukaemia of 
ds 106 persone ne) 10 cases. Only three cases 
sure to radiation in the treatment of cancer of the 
cervix is less effective in inducing leukaemia than the 
exposures received in Hiroshima and Nagasaki and 
by ankylosing spondylitics. 

Dickson (1972) has also recently reported on the 
follow-up of 923 women surviving more than five 
years after radium treatment for cancer of the cervix. 
Two deaths from leukaemia were observed whereas 
1-1 was expected. Wagoner (1969, 1970) observed no 
excess of leukaemia among 7,835 women treated 
with radium and X rays for primary uterine cancer 
(12 cases of leukaemia observed and 9-50 expected). 
However, he also studied two series of patients 
treated for benign gynaecological disorders with 
radium. Among 1,803 patients treated in Massa- 
chusetts he observed 10 deaths from leukaemia 
against 3-6 expected and, in a similar series in Con- 
necticut, nine cases of leukaemia were observed 
against 2-8 expected. 

In the present study we have observed an excess 
death rate from leukaemia five or more years after 
exposure of 1-2 per million woman years at risk per 
rad, an amount in accord with that estimated by the 
ICRP. The most likely explanation for the apparent 
discrepancy in the effects of radiation among cancer 
of the cervix patients relates to the difference in 
the distribution of dose throughout the bone mar- 
row. Hutchison (1968) has demonstrated that the 
radiation treatment of cervical cancer is such that a 
small proportion of the bone marrow, in the pelvic 
region, receives a very large dose and the fall off in 
dose to the marrow is rapid with increasing distance 
from the pelvic area. À very heavy dose to the pelvic 
marrow is likely to result in cell death rather than 
leukaemogenesis and, because of the rapid fall-off 
in dose with distance from the pelvis, the mean dose 
to those cells not destroyed by the radiation may be 
relatively small. Patients treated for metropathia, 
however, receive a dose to the pelvic marrow which 
is considerably less than that given for the treatment 
of the cancer of the cervix, and thus the destructive 


effect on the bone marrow is likely to be substan- 
tially less. The importance of this cell destruction 
effect in re-assessing leukaemia dose response 
relationships has recently been stressed by Mole 
(1973, 1975). 

Our series is too small to hope to show a sig- 
nificant dose-response relationship for leukaemia 
though there is some indication of such an effect in 
'Table IX. 'There is, however, little indication of this 
for cancers of the heavily irradiated sites. The 
excess of these latter cancers is statistically sig- 
nificant and most marked five or more vears after 
treatment. The distribution of deaths among differ- 
ent sites in the radiation field shows some variation 
(Table IV) though the variation among the mortality 
ratios is not statistically significant. The limitation 
of the increased mortality from non-genital cancers 
to those in the radiation field strongly suggests that 
the excess is an effect of the radiation rather than - 
directly related to the presenting condition, as has 
been suggested by Senyszin (1970). The excess risk 
does not seem to vary with the time since treatment 
after the first five years, remaining at about 65 deaths 
per 100,000 woman years at risk up to 20 vears 
after treatment (Table V). This finding contrasts 
with that observed among patients treated for anky- 
losing spondylitis, who overall show a similar 
excess risk of dying from cancers of heavily irradi- 
ated sites (about 60/109 person/vear) but whose 
excess risk shows a steady increase nine or more 
years after radiation (Court Brown and Doll, 1965). 
This late increase may, however, be due, at least in 
part, to patients being retreated with X rays. Among 
the atomic bomb survivors, the excess mortality 
from cancers, other than leukaemia, also shows a 
late rise 20 vears after exposure (Jablon and Kato, 
1972), and it may be that our results are atypical 
because of the paucity of numbers. If, however, a 
progressive increase in numbers cannot be ruled out, 
the totality of evidence suggests that its duration 
may be less than has been suspected. 

The suggestion of a relationship between age at 
treatment and the risk of developing cancers of the 
heavily irradiated sites (Table VIT) is in accord with 
similar observations among atomic bomb survivors. 
Among those exposed to 100 rad or more the excess 
risk of cancers, other than leukaemia, was about 
four times higher in those exposed after the age of 
50 vears compared with those exposed at younger 
ages (Jablon, 1973). It should be noted that our 
findings cannot be attributed to an association be- 
tween age at first treatment and the radiation dose 
employed. For women first treated at ages less than 
35, 35-39, 40-44, 45-49, 50-54, and 55 vears or 
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older, the mean marrow doses were, respectively, 
131, 130, 133, 135, 134 and 137 rad. 

The decreased death rate from cancer of the breast 
associated with an artificially induced menopause 
(Table II) has been observed often. The reasons for 
it have been discussed by Feinleib (1968) and 
Trichopoulos ef al. (1972). Of particular interest is 
the observation in our series that the protective 
effect against breast cancer appears to be present 
in women treated after the age of 50 years. In gen- 
eral, women in this age group might be expected to 
show a mortality rate from breast cancer higher 
than that based on national mortality statistics as a 
late natural menopause has been associated with an 
increased risk of developing cancer of the breast 
(Trichopoulos et al., 1972). Thus the deficiency ob- 
served suggests that the sterilization induced by 
radiation is producing an effect on ovarian function, 
in relation to the development of breast cancer, 
which is different from the corresponding effect of a 
natural menopause, or of a surgically induced meno- 
pause (Trichopoulos et al., 1972). 

The number of deaths from coronary disease is 
close to that expected even for women treated before 
the age of 46 years. In similar series of patients, 
Alderson and lackson (1971) also failed to find a 
significant excess risk of coronary disease, while 
Brinkley and Haybittle (1969) found a significant 
excess although only in the first five years after radio- 
therapy. Most of the women in these series were 
treated at an age closer to their natural menopause 
than those women with a premature menopause 
reported by Robinson et al. (1959) and Sznajderman 
and Oliver (1963), in whom an increased incidence 
of coronary disease was observed. 
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ABSTRACT 

A correlation has been shown between the cross-sectional 
area of the cerebral ventricular systern and the cross-sec- 
tional area of the brain in 62 patients, using the EMI 
Scanner. The percentage ratio has been abbreviated to 
VBR. The patients were divided into normal, equivocal, 
cerebral atrophy and hydrocephalus, according to their 
PEG's. The measurements were obtained by the use of a 
planimetef and by outlining the ventricular and cerebral 
perimeters from the EMI Polaroid pictures. | 

The VBR was found to be approximately five in those 
patients without detectable pathology, about seven in 
equivocal cases, and above ten in abnormal cases (atrophy, 
hydrocephalus). The hydrocephalic readings were generally 
higher than those for cerebral atrophy. 

Attempts have been made in the past to establish a 

relationship between the cerebral ventricular and 

skull or brain sizes in the normal and abnormal 

(cerebral atrophy, ventricular enlargement) (Evans, 

1942; Schiersmann, 1952). However, the findings 

are subject to the limitations imposed by the vari- 

ations in cranial symmetry and shape. When pneu- 
moencephalography (PEG) was introduced into this 
assessment, added objections to the accuracy were 
raised as to the sites of measurement and increase in 
ventricular size following the introduction of air 

(Probst, 1973). 

With the advent of computerized transverse axial 
tomography of the brain (EMI-Scanner) (Houns- 
field, 1973; Ambrose, 1973) it became possible to 
assess the association between the true ventricular 
and cerebral cross-sectional areas. Previously these 
measurements were made using the coronal plane 
and, accordingly, the antero-posterior projection on 
PEG. With the EMI scanning technique "cuts" are 
made in the horizontal plane. This permits an 
overall view of the cerebral ventricular system 
without the problem of superimposition of the 
various parts seen in PEG. | 

To date, ventricular size on EMI scanning is 
assessed in two ways: 

(1) subjectively, by the investigator, as to whether 
or not it appears normal or enlarged on viewing 
the Polaroid pictures, and 

*Research Fellow, Swedish Medical Research Council. 
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ology, Sahlgren Hospital, Góteborg, Sweden. 

+Max Rayne Research Fellow, Lysholm Radiological De- 


partment, The National Hospital, Queen Square, London 
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(2) objectively, by the time-consuming method of 
using the computer print-out, 

The area representing the ventricular system 1s 

examined for density numbers relating to cerebro- 

spinal fluid (—2 to +10) and the perimeter of the 

ventricle mapped out. 

In this series we have attempted to establish a 
correlation between ventricular and cerebral cross- 
sectional areas for the normal and abnormal and to 
decide on an upper limit of normality. 'This was ac- 
complished using a planimeter and 1 mm squared 
paper to measure the ventricular and cerebral areas 
from the EMI scanner Polaroid pictures. From this 
the ventricular-brain cross-sectional area percent- 
age ratio (VBR) was computed. 


MATERIAL AND METHOD 

Sixty-two patients at The National Hospital, 
Queen Square were selected on the basis of having 
had successful PEG's and EMI scans. The PEG 
results enabled classification of the patients into 
normal, equivocal and abnormal in terms of ventri- 
cular size and loss of cerebral tissue. The series con- 
sisted of 33 males and 29 females, with an average of 
44 years (age range 1-73 years). Those cases of 
cerebral atrophy were of the generalized type. 

The final clinical diagnosis in the 62 cases con- 
sidered was as shown in Table I. 


TABLE I 
No pathology detected 19 | 
Atrophy 
Cerebral 20 
Cerebro-cerebellar 4 
Hydrocephalus | 
Normal pressure 6 
Aqueduct stenosis 1 
Infratentorial tumours 
Cerebello-pontine 1 
4th ventricular 1 
Others 
Syphilis of CNS 1 
Migrainous headache 2 | 
Benign intracranial hypertension 1 
Boxer's encephalopathy 1 
Disseminated sclerosis 2 
Neurotic depression 1 
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in the text 
EM I-Scanne) 
lhe principle and technique of computerized 


ixial tomography has been fully covered by Houns- 


held (1973) and Ambrose (1973). In this series the 


that of 80 x 80, cell 
| mm in the transverse plane and had a 
cli pth Of N 01 | ` 


atrix used was where each 
neasured 3 
mm, according to the original beam 
width (EMI Ltd., 1973). For our purpose only “cut” 
-A or 2B and, occasionally, 3A was used (see Fig. 1), 
that is 


one "cut" which optimalh represented the 


entri« ular system 


l echnique of measurement 

For each case, using the EMI Polaroid picture, the 
of the 
tem was measured using a planimeter (OTT 9541 


perimete! brain and visible ventricular svs- 


West Germany). This instrument measures the 
area of a plane figure when a tracer is moved along 


ie. perimeter. In the normal this usually meant 


iat the anterior horns and the bodies of the lateral 

ventricles and the 3rd ventricle were measured. 

In those cases of hydrocephalus, and in some of 

rebral atrophy, other parts of the ventricular 
tem may als be visible 

some difficulty is experienced in exactly localiz- 

' the extent of the ventricular perimeter according 


the values on the Polaroid pictures. This is de- 


lent upon now much of the ventricle is included 


the cut, and obviously varies according to what 
rcentage of the cell 1s occupied by cerebrospinal 
fuid or cerebral tissue, An arbitrary range of density 


used and extends from —2 to 10. 


ji 
gures has beer 


n some cases, where the outline of the ventricular 
stem was in doubt, reference was made to the print- 
For a fuller explanation of this difficulty, the 


ad 





Fic. 2. 


EMI Polaroid picture of a normal ventricular svstem from 
"cut" 2A. The frontal horns, lateral ventricles and 3rd ven- 
tricle are clearlv seen. 


reader is referred to the section "Evaluation of com- 
puterised tomograms"' in Gawler et al. (1975). 
Once the technique of planimetric measurement 
had been mastered, the time taken to measure the 
cross-sectional areas was approximately ten minutes 
per Cast 
lhe measurements were carried out on ten sep- 
arate occasions for each picture and the average 
reading taken. As a means of verification, the out- 
lines of the visible ventricular system and of the 
brain perimeter were traced on to millimetre squared 
paper The 


brain for 


and the cross-sectional area so assessed 


cross-sectional area was uncorrected 


ventricular area. 


lhe percentage ventricular-brain cross-sectional 
| 


area ratio ts expressed by: 


ventricular cross-sectional area 10 
és d paetara 00 





brain cross-sectional area 
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For the purpose of simplicity, we refer to this 
equation as the VBR. Because the measurement 1s 
given as a ratio, the minification factor of the Polaroid 


picture does not here obtain. 


RESULTS 


The series was divided into four main groups 


(no detectable pathology, equivocal, atrophy, hy- 


drocephalus) according to the assessment by PEG. 
) 


Figures 2, 3 and 4 give examples of the EMI Polar- 


oid picture from the sub-groups. The brain and 
ventricular perimeters have been copied on to 
millimetre squared paper in one instance, to show 
how the square counting method was used to verify 
the results obtained by planimetry (Fig. 5). No sig- 
difference found between the two 


nificant Was 


methods. 


A complete analvsis of the results is presented in 


Table II. 





Fic. 3. 
EMI Polaroid picture of cerebral atrophy from "''cut" 
2A showing enlargment of the lateral ventricles and 
increase in the size of the subarachnoid space. 
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DISCUSSION 

The relationship of the size of the cerebral ven- 
tricular system to that of the brain appears seldom 
to have been investigated. An extensive review bi 
Last and Tompsett (1953) using resin ventriculai 
casts is the most detailed. They fully investigated 
24 normal adult (and five fetal) brains. The overall 
shrinkage factor of 1-2 per cent of cast material and 
formalized brain lends a high degree of accuracy to 
The 


capacity lay at 22-4 ml. which, against an average 


their results. average ventricular system 
brain volume of 1,355 ml., gave a ratio of 0-016 
This, of course, assesses a three-dimensional aspect 
of the complete ventricular system. 
Two-dimensional ratios are those of Evans (1942) 
and Schiersmann (1952) who compared the span ol 
parts of the lateral ventricles to the diameter of the 


skull, using the antero-posterior PEG view 


Fic. 4. 


EMI Polaroid picture of gross hydrocephalus, with greatly 


enlarged lateral ventricles—‘‘cut’’ 2A 
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Echoencephalography (A mode) has been suc- 
cessfully used, particularly in those under one vear 
of age, to assess the size of the cerebral ventricles. 
The same reliability does not obtain for those over 
that age group (Sjógren, 1967; Kazner and Hopman, 
1973). 

The EMI-Scanner allows easy assessment of the 
ventricular cross-sectional area without the use of 
invasive techniques and contrast materials, but, to 
date, no mention has been made of such a quantita- 
tive analysis. The ratios obtained in this preliminary 
report relate the cross-sectional area of the ventri- 
cular system to that of the brain as best seen on a 
particular "cut" mentioned in “Material and 
Method". The size of the normal ventricular system 
is variable and is dependent on numerous factors 
(Evans, 1942; Schiersmann, 1952; Last and Tomp- 
sett, 1953; Bull, 1961), as is also shown by our one 


TABLE Il 
‘THE VENTRICULAR-BRAIN CROSS-SECTIONAL AREA 
PERCENTAGE RATIO (VBR) 


Pneumoencephalogram evaluation 
No Hydro- 
pathology|Equivecal| Atrophy | cephalus 
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35:41 
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0-96 


7:71 


Range 2:7-8:8 | 4-0-9-6 
Mean 
Standard 
deviation 
Standard error 


4:59 6-70 


1:79 
0-57 


1:33 
0:32 





normal VBR of 8:8. However, this does not detract 
from the value of the ratio as shown by the standard 
deviation of 1-33 and standard error of 0:32. 

It is appreciated that, in measuring the ventri- 
cular cross-sectional area in the normals, similar 
parts of the system are taken into account in each 
case. However, in patients with atrophy or hydro- 
cephalus the extent of the ventricular system enter- 
ing into the calculation varies from the normal, and 
possibly even from case to case. This is dependent 
upon the fact that, with the ventricular enlargement, 
more and more of the cerebral ventricular volume is 
encompassed by the cells of the EMI unit scanning 
the particular *‘cut”. 

The results suggest a normal VBR of approxi- 
mately five, equivocal cases seven, and abnormals 
above ten. The VBR for hydrocephalus is, overall, 
higher than for cerebral atrophy. 


MM ERMLARSLERLABLARLLLLLLAERT LLLI A-2444. 1144 
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L44141214344 





Fic. 5. 


Planimetric outline of the ventricles and brain drawn on to 
millimetre squared paper from Fig. 3. The dotted area 
corresponds to the number of squares occupied by the 
lateral ventricles and represents its cross-sectional area. 
To obtain the VBR, this is divided by the brain cross- 
sectional area and the result multiplied by 100. 
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It should be stressed that, although quantitative 
measurements are used in calculating the VBR, the 
figures do not reflect the "true" measurement of the 
ventricles. However, the usefulness of the ratio so 
obtained is evident. 
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Book reviews 


Tumor und Temperatur. By Dr. Franz Dietzel, pp. ix +253, 
1975 (Munich-Berlin-Vienna, Urban a Schwarzenberg), 
DM45. 

It has been known for more than half a century that 
general hyperthermia can sometimes be followed by tumour 
regression, and also that some cancers can be destroyed by 
specific heat damage on malignant tissue in situations where 
it is possible to apply sufficient thermal energy without 
causing unacceptable general overheating. There are a 
number of documented cures of cancers of the limbs and of 
the penis. These observations have in recent vears led to 
laboratory experiments on the effects of heat on normal 
and abnormal cells and tissues by in-vivo and im-vitro 
studies. The subject remains a controversial one, but there 
are pointers that thermal methods might become more 
often employed in cancer treatment. One encouraging ob- 
servation is the enhancement of the biological effect of 
radiation by elevation of temperature which in itself has 
no damaging effect on normal or abnormal tissues and that 
this enhancement applies particularly to anoxic celis. 

This book is a comprehensive and systematic survey of 
the international literature up to the beginning of 1975— 
over 800 pages. The author has succeeded well in his 
aim of giving a clear and unbiased exposition of the present 
state of thermo-biology and cancer. 

M. HULBERT. 


Hematologische Funktionsdiagnostik in der Radiologie, 
By Bruno Chone, pp. xii-- 194, illus. 1974 (West Berlin, 
Urban & Schwarzenberg), DM.58. 

There are a number of methods for the monitoring of the 
haematopoietic system of patients who are being treated by 
wide-beam irradiation, or by cytotoxic-drugs, or by a com- 
bination of both; these methods also apply to the surveil- 
lance of radiation-exposed personnel. The author gives a 
description and evaluation of these tests, and he deuls, for 
instance, with clinical peripheral blood-count, bone- 
marrow examination, isotope investigation of blood-cell 
turnover and of iron metabolism, assessment of the hae- 
matological response to stimulation by prednisone or by 
polysaccharides or ethiocholanolone. There is also a chapter 
on an automated method for assessing the volume-distribu- 
tion of circulating leucocytes which the author has found to 
be a very sensitive indicator. It remains to be seen how far 
these methods will prove to be superior to the ordinary 
blood-count in the clinical management of patients, 

The book is clearly written and set out with many illus- 
trations and a comprehensive bibliography of the inter- 
national literature. The author has succeeded in his aim of 
giving a full account of the subject which is of particular 
interest to medical or radiological oncologists and to their 
haematological colleagues. 

M, HULBERT. 
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ABSTRACT 

The ultrasonic pulse-echo principle is capable of provid- 

ing detailed information, of considerable potential diagnos- 
tic value, on the structure of soft tissues in relation to path- 
ology, but the present generation of ultrasonic scanners 
does not fully exploit this possibility. The paper discusses 
the principal measures necessary to achieve tissue structure 
visualization and quantitative characterization and de- 
scribes a clinically functioning system that has been built for 
this purpose with particular relation to cancer diagnosis. 
Examples of the application of the system are given in this 
and an accompanving paper. 
Hitherto the development of pulse-echo ultrasonic 
diagnosis has been strongly influenced by the idea 
that useful echoes would normally only arise from 
rather large, flat interfaces, such as those presented 
by the brain midline and fetal skull, which are con- 
sidered to reflect specularly (i.e. directionally). As a 
result, equipment and techniques have developed in 
a direction that was intended to facilitate the drawing 
of clear pictures of organ outlines, with suppression 
of the smaller echoes which arise from within the 
major organ boundaries and which were considered 
to be confusing to the outline pictures. This approach 
happens also to be convenient technically, since it 
does not call for very great sensitivity in the equip- 
ment and it avoids the need to display and record 
the very wide range in amplitude that occurs be- 
tween the various echoes from gross and detailed 
anatomical structure. Almost all the ultrasonic 
scanners in common use today adopt this approach 
and many employ, as their only display system, a 
storage cathode-ray tube of very limited grey-scale 
capability. 

The organ-outlining approach has proved its 
value in obstetrics scanning, where fetal maturity, 
multiple gestation and position of the fetus and 
placenta are of major interest, but even here the 
value of providing grey-scale display for visualizing 
details of fetal anatomy has been very strikingly 
demonstrated by Kossoff, Garrett and Radovano- 
vich (1974). There are many diagnostically impor- 
tant situations, however, particularly in cancer, 
where indications about the condition of the tissue 
itself are of equal or greater importance than know- 
iedge of organ boundary location. Here ultrasound 
may have a very useful role to play and, to exploit 
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this, it becomes necessary to re-think from first 
principles some of the considerations underlying 
ultrasonic scanner design. This is the subject of the 
present paper. 


‘THE ECHO FORMATION PROCESS 

Little is known in detail about the processes by 
which complex structures, such as those of the 
human anatomy, give rise to acoustic echoes, Plane 
interfaces, of extent greater than the width of the 
ultrasonic beam, reflect specularly, and it is on this 
basıs that the technique of “compound scanning” 
(examining from a wide range of aspect angles and 
selecting only large, normally reflected echoes) is 
often used. Small single targets, however, tend to 
reflect uniformly in all directions and early observa- 
tions of the echoes from the internal structure of an 
organ such as liver suggested that these might be 
more nearly omnidirectional than specular, In fact 
recent work on the ultrasonic scattering properties 
of some actual human tissues (Hill, 1974) has shown 
that the echo amplitude from a small tissue volume 
fluctuates with aspect angle in a manner that may be 
characteristic of the tissue structure and thus the 
tissue type. At a given aspect angle the mean ampli- 
tude of echoes from a region of tissue may also be 
characteristic of the tissue type and this criterion 
has been used, for example, by Mountford and Wells 
(1972) to differentiate cirrhotic from normal liver. 
As already mentioned, the variation in echo level 
between the strongest and weakest targets of interest 
(e.g. large soft tissue/bone interfaces on the one hand 
and suspended debris within a bladder on the other) 
may be very large, amounting to some 50 dB (a 
factor of 300 in amplitude). 

In terms of scanning system design this situation 
suggests that, although conventional compound 
scanning will often have an important role in organ 
outlining, a promising complimentary approach will 
be to arrange to scan regions of the body in a system- 
atic manner such that appropriate acoustic charac- 
teristics of the tissue may be measured and recorded 
for each physically resolvable volume in the region. 
The approach outlined here involves making much 
fuller use than has been general hitherto of the very 
rich supply of information that the basic pulse-echo 
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principle is capable of generating. In fact many of the 
limitations of existing scanning systems can be seen 
to stem from the technical problems of displaying, 
recording and conveying to the diagnostician any- 
thing like the full amount of information potentially 
available. This must be a major consideration in 
future scanner design and suggests, inter alia, the 
use of fast digital information storage and pro- 
cessing. 


. THE SCANNING SYSTEM 

We have recently built an ultrasonic scanning 
system which has been designed on the basis of the 
above considerations. Although intended for use 
primarily in investigations related to cancer diag- 
nosis and treatment, it has potential applications in 
a wide variety of fields and has already been used 
very effectively, for example, for placental localiza- 
tion and estimation of fetal maturity. A report on 
some clinical applications in cancer diagnosis is 
given in an accompanying paper (Taylor and 
McCready, 1976). 


DISPLAY AND/PDPB-E, 
RECORDING KOMPUTER 


M-— IA m a) y aa 





COMMON 
SIGNAL 
PROCESSING 
CIRCUITS 


SCANNER 
SELECTOR 


SCANNER 
CONTROL 


Signals: r:rf-echo, d:-scan deflection, 
x: corresponding, x and y coordinates, 
p: prf. trigger, v:- echo. signal, 
video, gated or unblanked appropriately, 
t: tgc. characteristic. 
Fic. 1. 


Outline diagram of system for ultrasonic tissue imaging. 


In the design of this system major emphasis has 
been placed on the need to preserve, as far as pos- 
sible, the full information content of the echo sig- 
nals, from their point of origin in the patient through 
to the final display and permanent record. Further- 
more, by use of a modular design, the equipment 
has been arranged so that investigations of different 
anatomical regions can be carried out using the 
scanning geometries and corresponding scanning 
mechanisms best suited to the purpose. The system 
that has been constructed on this basis is shown in 
outline in Fig. 1 and some details of the main com- 
ponents are given in the following sections. 


SCANNING HEADS 

The system is designed to accommodate several 
different mechanical scanning-heads in addition to a 
hand-held transducer for A-mode and M-mode 
operation. In order to reduce the effect of cable 
loading on pulse shape and noise, each scanning- 
head is provided with its own integrated circuit- 
transmitter, which supplies a fast 50 V pulse to the 
transducer, and a low-noise preamplifier, Movement 
of each scanning-head is controlled from a specific 
module on the control console in such a way that 
additional scanning-heads may be included, or 
changes made to an existing head, without disturb- 
ing the rest of the system. Each scanning-head, 
working together with its control module, generates 
an r.f. echo signal, appropriate "X" and "Y" de- 
flection signals for the display system and also 
(except when under computer control) its own pulse- 
trigger signals. 

The scanning-head that has been used hitherto 
for most of our clinical scanning is a conventional 
section scanner (Kretz) modified by addition of a 
transmitter/preamplifier together with an optional 
facility for deriving a pulse repetition rate propor- 
tional to the angular speed of movement of the 
transducer. The scanner is normally used with a 
weakly focused transducer of measured (zero cros- 
sing) frequency 2-85 MHz, which has a 10 dB echo 
beamwidth of 2:5 mm over the range of target dis- 
tances from 50 to 120 mm. This arrangement pro- 
vides sufficient sensitivity for scanning a fuli ab- 
dominal cross-section under normal conditions, 
the system noise level at 100 mm from the trans- 
ducer face being 83 dB relative to the echo from a 
10 mm diameter steel sphere (Lypacewicz and Hill, 
1974). 'The peak pressure amplitude in the trans- 
mitted beam, measured at 100 mm from the trans- 
ducer face, is 1-5 MPa (15 bar). 

A number of scans obtained with this device in 
the course of clinical investigations are reported in an 
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ccompanying paper (Taylor and McCready, 1976). ` and in Figures 11 and 12 of the accompanying 
in addition to this conventional scanning-head, paper (Taylor and \MeCready, 1976). 

wo other scanners have been used with the system, With the same geometrical configuration this 

rily on an experimental basis hitherto but type of scanner can be used in a time gated (or 

th some clinical application. One of these is a "constant depth") mode and an example of a scan 

inear scanner, working through a water-bath. — of this type, taken of an excised human kidney is 


M hi n thi Deam axis I5 normal to the plane ot the shown in Fig. 4. These two display modes, section 
ctilinear raster. This is suitable for examining and constant depth, are merely two-dimensional 


iperficial organs and has been used successfully expressions of the basic three-dimensional data 
th on breasts and testes in a configuration where acquired by the scanner and, by appropriate digital 
the beam is directed vertically upwards from the techniques, such data can be stored and redisplayed 
ttom of a water-bath and the organ being ex- in any aspect (Milan, 1972). 
imined is immersed above it. It has also been used The rectilinear scanner is particularly well adap- 
r scanning thyroids in an arrangement where the ted to the examination of superficial organs and 
beam is directed downwards through an open- tissues but its use for deeper structures tends to be 
topped, water-filled bag whose membrane is in impeded by the presence of acoustic obstacles such 


ntact with the patient's neck. Examples of section as bone, occurring over its necessarily wide aperture 
scans taken in this manner are shown in Figs. 2 and of view. This restriction can be considerably eased, 
and the inconvenience of the water-bath normally 
eliminated. while nevertheless retaining the feature 
of systematic scanning in three dimensions. if use 
is made of a scanning geometrv in which the trans- 
ducer face is constrained to a fixed position on the 
patient's skin and scanning movement of the beam is 
induced by appropriate manipulation of the back of 
the transducer. If, in particular, the scanning pattern 
is circular or spiral, mechanical movement will be 
smooth and potentially fast. With this type of “‘iso- 
centric, skin-contact" movement (McCready and 
Hill, 1971a; 1971b) it is again possible to visualize a 





number of different scanning surfaces. Simple time 


ric. 2 
Kectilinear section scan of left breast, taken through a wate 
ith (see text), showing a centrally positioned cyst, sur- 
ng glandular and fatty tissue, and underlying rib cage 





FIG 
mectiiinear section scan of a normal thvroid taken through d FIG. 4. 
ath (see text). Glandular tissue and surrounding Rectilinear "constant depth” scan (time gated mode) of an 
itor il landmarks are clearly visualized. excised human kidney 
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Fic. 6 


Conical section scans (Isocentric Spiral Scanner) of human 


heart at different phases of cardiac cycle. ‘Time per frame 
20 ms; frame rate: 10 per second 


Fic. 5. 
[socentric spiral “‘constant depth'" scans (corrected to plane 
geometry) of normal human bladder at tour different depths 


in antero-posterior view, 
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gating defines a spherical surface centred at the 
transducer face but this may readily be modified to a 
plane surface by automatic adjustment of the gate 
position as the cone angle is varied. Alternatively the 
device can operate as a section scanner, either using 
the spiral motion or, more simply, by holding the 
cone angle constant and thereby generating a conical 
section scan. In this mode the high speed made 
possible by the smooth mechanical movement allows 
scans to be run fast enough to give essentially flicker- 
free visualization of moving structures such as the 
heart. Examples of the different types of scan ob- 
tainable with the isocentric scanner built for our 
svstem are shown in Figs. 5 and 6. 


SIGNAL PROCESSING 

Each scanner generates, and supplies to a com- 
mon signal-processing unit, three sets of signals; a 
timing trigger (PRF), an r. f echo signal and a pair 
of "X" and "Y" co-ordinate voltage signals. These 
signals constitute the basic data from which two- or 
three-dimensional visualization displays are derived 
and, although the principle of this derivation is con- 
ventional, our system includes a number of pro- 
visions designed to preserve the full information 
content of the incoming echo signals through to the 
hnal display. A small, low noise preamplifier is 
placed on the scanner, as close as possible to the 
transducer and electrically matched to it, in order to 
avoid unnecessary reduction in signal to noise ratio 
that would result from impedance loading and pos- 
sible interference pickup in the 6 m of cable that is 
commonly necessary, between scanner and main 
amplifier, for flexibility in clinical work. Following 
time gain compensation (T GC) in the first stage of 
the main amplifier the maximum echo signals are 
about 60 dB above noise and, in order to preserve 
the signal information through to the display system, 
for which the maximum available dynamic range is 
about 20 dB, the second main amplifier stage is 
given a non-linear, three-stage compression re- 
sponse of the tv pe described by Kossoff (1972). 
Operational experience has shown that the optimum 
compression characteristic may be different for 
different applications and an optional provision has 
therefore been made to by-pass one compression 
stage for applications, particularly in obstetrics and 
for radiotherapy planning, where a more "con- 
trasty" image may be desirable. The output of the 
compression amplifier is detected and can be applied 
directly to brightness modulate the display, without 
filtering or suppression of low-level signals, both of 
which are processes that discard information but 
are nevertheless commonly used in order to produce 





y, 


dm 


ae 


pictures with a "clean" appearance. In order to 
ensure proper grey-scale representation it is essen- 
tial that the time varying echo signal is applied to the 
brightness modulation circuit as an addition to a 
constant voltage pedestal (“‘unblank level" or gate") 
which itself corresponds to the lower limit of the 
displayed grey-scale. In this condition even the 
smallest echo signals will produce a change in 
brightness level. 

Time-gain compensation is applied in such a 
manner that amplifier gain increases linearly (in dB) 
with time, starting from a set time to, over a max- 
imum range of 50 dB and with a slope whose value 
can be switched to correspond to the different trans- 
ducer frequencies being used. When scanners are 
used in skin contact mode the starting time tọ is 
derived as the time of arrival of the first echo (i.e. 
the skin echo), thus holding the gain at its minimum 
value over the lossless water path and activating 
both the gate and TGC at the point of entry into 
tissue. 


DISPLAY AND RECORDING 

Desirable characteristics for a two-dimensional 
display and recording system have been discussed by 
Kossoff (1972) and include wide dynamic range and 
a spot size that remains small with brightness 
variation. The latter characteristic in particular is 
not shown by most general-purpose cathode-ray 
tubes, in which spot size tends to increase very con- 
siderably with brightness, while storage tubes have 
little or no dynamic range. We therefore use, for 
photographic recording of scans, a display oscillo- 
scope that is specifically designed for brightness 
modulation (‘Tektronix type 604) and which is per- 
manently coupled to a recording camera. Accurate 
and reproducible control of brightness level in this 
unit is important for good grey-scale performance 
and this is achieved by modifying the standard con- 
trol to a dial indicating potentiometer. In order to be 
able to directly monitor the scans a second display 
unit, of the variable persistence storage type, is 
provided in parallel with the recording unit, while 
the corresponding A-scan and TGC characteristic 
are simultaneously displayed on the two channels of 
a small conventional oscilloscope. 


COMPUTER COMPATIBILITY 
A system such as that described here can readily 
be made capable of providing information in a form 
that can be digitally coded and stored for subse- 
quent analysis, processing and re-display (Milan, 
1972). In our system, r.f. echo signals are taken to an 
analogue-to-digital converter (ADC) after time-gain 
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compensation and a separate compression amplifier, 
designed to match the characteristics of the ADC, is 
included in the computer interface. The "X" and 
“Y” co-ordinate voltage signals are taken to the 
computer in parallel with the echoes but the PRF 
timing signals are, in this mode of operation, gen- 
erated in the computer itself in order that synchro- 
nism can be maintained with the main computer 
timing system. 
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Book review 


Atlas of Lymphography. By T. De Roo, pp. 190, 387 illus., 
1975 (The Netherlands, Leiden Stenfert Kroese bv), 
Df.85. 

This atlas of lymphography contains a wide variation of 
illustrations of normal and abnormal lymphangiograms, 
and is the result of over ten years’ personal experience in 
Iymphography by Dr. Tom de Roo, in the Netherlands. 

The history of the anatomists’ discovery of the lymphatic 
system is beautifully presented, and ranges from Aristotle 
to Rouvière in 1932. The reproductions of the fifteenth- 
century drawings are fascinating. 

There follows a good description of the anatomy and 
distribution of the vessels and nodes with diagrams from 
lymphograms. The terminology varies a little from the 
common English usage. We would term the para-lumbar 
nodes in the book para-aortic nodes and the para-aortic 
nodes pre-aortic nodes. 

Techniques are bound to vary from one individual to 
another, but Dr. Roo’s technique is well described. He uses 
specially adapted forceps to stabilize the lymph vessel and a 
spring-loaded cannula and stylet together with an injection 
pump. 

Normal lymphograms are described and illustrated, and 
the films are all reproduced by logetronic prints, but 
unfortunately the very fine detail which is vital for inter- 
pretation is not always well seen. Differentiation is made be- 
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tween the appearances in acute and chronic infection. of 
nodes. Whilst this is sometimes possible, the usual extreme 
difficulty in practice is not emphasized. 

There is a commonsense approach to the scope of 
lymphangiography and the limitations of the examination 
in the near terminal case. Difficulties in interpretation 
are also discussed, but complications are stated to be only 
minor and thus dismissed. The importance of adequate res- 
piratory function is not mentioned, and major complications 
are ignored. 

The use of ancillary investigations such as inferior vena 
cava injections are well documented, and the tomograms 
reproduced are often vital to assess individual groups of 
nodes. 

Beautiful illustrations of nodes involved in Whipple's 
disease, and in the more extensive infiltrations in Hodgkin's 
disease, lymphosarcoma and nodal metastases from various 
primary sites are also shown. 

The atlas ends with illustrations of lymphatic vessel 
pathology including extravasation, and finally with an 
extensive reference section. 

This book would be nice to have in a hospital library, or 
to own, if the reader is particularly interested in lvm- 
phangiography, but it is not comprehensive enough for a 
reference book, nor didactic enough about the parameters of 
normal for the uninitiated, 

AUDREY K. TUCKER. 
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ABSTRACT 

Recent technical improvements in grey-scale ultrasound 
unaging have resulted in the visualization of the internal 
consistency of soft tissues. This permits the diagnosis of 
diffuse pathology and detection of small space-occupying 
lesions, The new technique can be used with advantage in 
the currently accepted obstetrical applications for ultra- 
sound imaging as well as for new non-obstetrical applica- 
tons, The method has been found to be a most informative, 
non-intrusive means for investigating hepatobiliary disease 
and for the differential diagnosis of chronic splenomegaly. 
The equipment described in the preceding paper 
(Hill and Carpenter, 1976) has been under active 
clinical evaluation during the past two years for the 
examination and diagnosis of some 4,000 patients. 
The work load has grown rapidly until at present 
the machine is used routinely on a wide variety of 
clinical problems. This has permitted an assessment 
of the clinical value of grey-scale imaging in addition 
to evaluating both the automatic scanning heads and 
manual scanning techniques. 

An essential difference between conventional and 
grev-scale ultrasonography lies in the selective am- 
plification and display of the low level echoes which 
are backscattered from interfaces within soft tissues. 
The amplitudes of these echoes are largely independ- 
ent of the angle of incidence. This has two important 
implications: firstly, the advantage gained by com- 
pounding is reduced or eliminated; secondly, the 
data on echo amplitude are displayed in various 
shades of grey which depend primarily on the phy- 
sical state of the tissue rather than the angle at 
which the beam is incident on the reflector. 

Donald, McVicar and Brown (1958) introduced 
compounding as a scanning technique to improve 
the probability that, at least once during the course 
of a scan, the beam was at normal incidence to specu- 
lar reflectors. The display of backscattered echoes 
on the other hand permits the use of a simple sector 
scan when examining the liver and kidney (Taylor 
and Hill, 1975). Simple linear scans were used by 
Kossoff (1972) for visualizing the breast. A major 
advantage of such simple techniques is that good 
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resolution is maintained in spite of pulsation in the 
organ being examined. Each interface is recorded ina 
single position whereas, in a compounded scan, the 
interface moves during the scan and is registered in 
different positions. 

The independence of the amplitude of the back- 
scattered echo on the angle of incidence also raises 
the possibility that these amplitudes might yield 
diagnostically useful data on the physical state of the 
tissue. On theoretical grounds, Fields and Dunn 
(1973) proposed that an important site for echo 
production would be interfaces involving media of 
high bulk moduli. They noted that the supporting 
fibrous elements of tissue, such as collagen and 
elastin, have bulk moduli that may be several orders 
of magnitude greater than the other components of 
soft tissue. These therefore could be sites of echo 
formation. Mountford and Wells (1972a and 1972b) 
produced evidence which in retrospect appears to 
be consistent with this concept when they quanti- 
tated the echo amplitudes from cirrhotic and normal 
livers and found significantly higher levels in the 
cirrhotic livers. Taylor and Milan (unpublished 
work) made similar measurements on the spleen and 
found that the echo amplitude correlated with the 
degree of inflammatory change. Thus, for practical 
purposes, in the interpretation of a grey-scale ul- 
trasonogram, the returned echo pattern can be con- 
sidered to be a display of the fibrous supporting 
tissue. Space-occupying lesions are detected because 
they replace this normal structure. 

At the present time, the manual sector scanner 
has been extensively evaluated on most softer or- 
gans. The automatic rectilinear scanner has been 
used through a water bath to scan superficial organs 
such as thyroid, testes and breast. These two tech- 
niques were found to be adequate for static imaging 
and superior to the spiral scanner in its present form. 
The spiral scanner is of some value in ophthalmic 
work although much higher frequencies can be used 
with advantage. It can also be used to image the 
heart in real time. However, the present system has 
geometical limitations and, in addition, organ move- 
ment has imposed limitations on the clinical value 
of constant depth scans produced by it. 
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MANUAL SECTOR SCANNING 

Hepatobiliary disease 

The grey-scale technique has been particularly 
useful in the diagnosis of hepatobiliary disease. 
Storage scope techniques permit successful differ- 
entiation of solid from cystic space-occupying 
lesions (Ostrum ef al., 1967). For example, ultra- 
sound scanning has been especially valuable in the 
diagnosis of hepatic abscesses (Wang et al., 1964; 
Butler and MeCarthy, 1969). 

In the diagnosis of metastatic disease of the liver, 
ultrasound is 


conventional (i.e. non-grey-scale) 


- LIVER k 
RK 
D 
Fic. 14. 


Diagram to show movement of transducer (T) to produce 
parasagittal scan seen in Fig. 1B. P is the right branch of the 
portal vein, GB is the lumen of the gall-bladder, PV is the 
pelvi-calyceal system of the right kidney (RK) and D is the 


diaphragm. 





Fic. 1B. 


Parasagittal scan showing the anatomy displayed in the 
schematic diagram 


claimed to produce fewer false positives than 1so- 
tope examinations (Gros et al., 1972; McCarthy 
et al., 1970). However, isotope examinations have 
been reported to be superior to ultrasound in de- 
tecting established metastatic disease. On the other 
hand, in patients with liver involvement which was 
clinically obvious, McCarthy et al. (1970) were 
unable to detect any abnormality in 53 per cent of the 
ultrasound scans, while Leyton et al. (1973) repor- 
ted a failure rate of 39 per cent in a similar study. 

These findings were probably due to inaccessi- 
bility of some parts of the liver and also to the 
inability to display the normal detailed anatomy. 
Using conventional machines, various patterns of 
echo complexes from metastases have been re- 
ported (Holmes, 1966; Holm, 1971; Melki, 1973) 
Using the grev-scale technique, the liver is seen as à 
uniform pattern of linear echoes with a constant 
pattern from small vessels. Metastases are usually 
seen as areas without vessels, of uneven structure 
and returning echoes of reduced amplitude. In a 
small percentage of patients, it is difficult to achieve 
an acoustic window to all or part of the liver due to 
air in the transverse colon. Bowel preparation may be 
required in such patients. 

The liver is scanned by a series of parasagittal 
The 
The 


liver is seen in longitudinal section, limited above by 


sections as shown schematically in Fig. 1A 
resulting ultrasonogram is shown in Fig. 1B 


the right hemi-diaphragm. The lumen of the gall- 
bladder (GB) and the right kidney (RK) are clearly 
shown. 

Multiple malignant tumours, seen as circular 
areas with reduced reflections, replace the normal 
liver substance in Fig. 2. Part of the right kidney ts 





Fic. 2. 


Parasagittal scan through liver and right kidney showing 
multiple small space-occupying lesions up to 2 cm diameter. 
Such highly homogenous tumours are seen in the lymphomas 


245 


VOL. 49, No. 579 


K. T. W. Taylor and V. R. Mc( ready 


seen posteriorly. The grid lines are 2 cm apart so 
that the smallest detail successfully resolved is 
about 3 mm. However, it can be difficult to distin- 
guish between a small tumour and blood vessel or bile 
duct. The appearance of the metastasis may give 
some indication of its origin (Taylor, 1974). Tum- 
ours that are acoustically homogeneous (black) as 
seen in Fig. 2, are most often due to lymphomas, 
Hodgkin’s disease or colo-rectal primaries. With 
grey-scale echography, where small echoes are 
recorded, the differentiation between cysts, abscesses 
and necrotic tumours requires considerable experi- 
ence. Benign cysts can usually be distinguished on 
the basis of their regular walls: the appearance of the 
\-scan, which shows a virtual absence of returned 
echoes, indicates little or no cellular debris within 
the cavity (Howry, 1965). Evidence of surrounding 
inflammatory changes supports the diagnosis of an 
abscess cavity. 

One of the 17 abscesses examined is shown in 
Fig. 3. A multiloculated cavity can be seen (C) which 
returned very low-level echoes. There is evidently 
little attenuation within the lesion, since the more 
distal echoes have been overamplified by the time 
gain control ((TGC or swept gain). These observa- 
tions imply that the lesion is fluid filled and con- 
tains debris. However, the liver substance returns 
ineven high level echoes which are believed to be 
consistent. with an inflammatory process. The ap- 
pearances strongly suggest hydatid disease of the 


| 


liver (unsuspected in this patient who had never 


been out of this country and was clinically remark- 
ably well). The diagnosis was confirmed at laparo- 
tomy. 

Diffuse can be diagnosed and 
benign changes differentiated from malignant ones. 
The appearances of fatty infiltration (confirmed his- 
tologically) are shown in Fig. 4 and are characterized 
by an even distribution of high-level echoes, fre- 
quently associated with dilated veins due to chronic 
venous congestion. These appearances have been 
seen in a number of patients who have presented 
with hepatomegaly and carcinoma of the bronchus. 
Although liver involvement is simulated on clinical 
examination, the characteristic ultrasound appear- 
ances permit the confident exclusion of malignant 
involvement. 


liver disease 


The accuracy of the grey-scale technique in the 
diagnosis of hepatic disease has been reported by 
Taylor and Carpenter (1974a). In 120 patients 
coming to laparotomy or post mortem within three 
weeks of ultrasound scanning, the ultrasound inter- 
pretation was diagnostic in 82 per cent and contri- 
buted to the diagnosis in a further 10 per cent. 
The remaining 8 per cent were false positives or 
negatives. There is no doubt that the diagnostic 
accuracy increases with experience of using the tech- 
nique. 

During the period of clinical evaluation, some 70 
patients were referred with carcinoma of the breast. 
Liver ultrasonography detected 14 out of 15 cases 
of liver involvement, for which it was more accurate 





Fic. 3 


\ large abscess cavity (C) can be seen replacing the liver 

parenchyma. The echoes beyond it are overcompensated 

for depth gain suggesting a fluid consistency. The liver sub- 

stance returns uneven high-level echoes consistent with 

an inflammatory process. The gall-bladder lumen can be 
seen (6G) 


Fic, 4. 


Parasagittal scan through liver and right kidney. The liver 

returns very high level echoes. These are interspersed by 

dilated vessels which are distributed in a characteristic 

pattern. These appearances are typical of fatty infiltration 
due to chronic venous congestion. 
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than clinical examination, isotope imaging or ele- 
vation of serum alkaline phosphatase. There were 
three false positive scans out of the remaining 55 
cases (Smith et al., 1975). 

Ultrasound examination of the liver has become 
part of the routine work-up on patients with lym- 
phomas and Hodgkin's disease. The method has 
most value in the advanced stages of these diseases 
in which liver involvement may occur. However, 50 
patients came to a staging laparotomy and splenec- 
tomy soon after ultrasound examination and this 
permitted an accurate assessment of the accuracy 
of the method with reliable histological confirma- 
tion. The ultrasound results correctly predicted 
liver involvement in three out of five positive wedge 
biopsies while 42 out of 45 cases of non-involvement 
were correctly reported (Glees et al., 1975). 

Grey-scale ultrasonography has proven to be es- 
pecially valuable in the non-invasive diagnosis of 
cholestatic jaundice (Taylor et al., 1974; Taylor and 
Carpenter, 1974b). In 104 patients referred for in- 
vestigation of cholestatic jaundice, differentiation 
between intra- and extrahepatic causes was cor- 
rectly predicted in 97 per cent. Although the gall- 
bladder is frequently enlarged in extrahepatic biliary 
obstruction, it may not communicate with the rest 
of the biliary tree and should therefore not be used 
as the sole criterion of biliary obstruction. The bili- 
ary canaliculi can be visualized and can be seen to 
be abnormally distended (Fig. 5). In this particular 
figure, the gall-bladder can be seen and, although 
it is not abnormally large, it has a rounded disten- 
ded appearance. With experience, these vessels can 





FiG. 5. 


Parasagittal scan through liver and right kidney. The gall- 

bladder is distended but not abnormally large. There is 

definite dilatation of the intrahepatic biliary canaliculi 

(arrowed) which is diagnostic of extrahepatic biliary ob- 
struction. 


be distinguished from blood vessels but this requires 
a detailed knowledge of the anatomy of the vascular 
structures throughout the liver. The common bile 
duct may be visualized and the precise site of the 
obstruction determined, especially if care is taken to 
dispel air from the gut by appropriate preparation. 
During the last two years, 25 cases of carcinoma of 
the pancreas have been identified. 


Spleen 

Spleen size can be assessed using conventional 
ultrasonography (Holmes, 1972). To date, no diag- 
nostic echo patterns have been described in associa- 
tion with any particular pathology (Barnett and 
Morley, 1974). The use of the grey-scale technique 
has permitted some attempts at the successful dif- 
ferential diagnosis of chronic splenomegaly based 
on the ultrasound pattern of the splenic consistency. 
In general, benign causes of chronic splenomegaly 
are characterized by the return of medium to high 
level echoes while malignant causes produce very 
low level echoes. At present, there is insufficient 
signal to noise ratio in this equipment to permit 
adequate differentiation between normal and malig- 
nant consistencies, and some further technical im- 
provements are required in this and also in the direc- 
tion of quantitative calibration of grey-scale values. 
Scans of benign and neoplastic spleens are compared 
in Figs. 6a and B. The large black spleen seen in 
Fig. 6A is from a patient with acute leukaemia. A 
definite pattern, rather like that shown by the 
placenta, is seen in Fig. 68 which is the spleen of a 
patient who was suspected of having a lymphoma; 
a benign cause was correctly predicted bv the ultra- 
sound result. 


GENITO-URINARY SYSTEM 

Kidneys 

Our equipment has shown relatively little advan- 
tage over conventional techniques in the investiga- 
tion of the urinary tract. This is probably not an in- 
herent defect of the grey-scale imaging approach 
but stems from the current limitations of the equip- 
ment in respect to signal to noise ratio. The pelvi- 
calyceal system is a strong reflector and is well visua- 
lized by current techniques (Barnett and Morley, 
1974) whereas the cortex returns echoes of too low 
an amplitude to be registered. However, the use of 
simple sector scanning techniques permits dilation 
of the renal pelvis to be displayed (Taylor and 
Hill, 1975); this sign of minimal hydronephrosis 
has been the 
pyelogram became abnormal. Using conventional 
ultrasound equipment, some renal tumours may be 


observed even before intravenous 
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| HA 
erse sca | Heen if chron lymphatici leukaemia 
leen is virtua echo tree although a tew deep echoes 
be disp ed in patients who have been treated 


Parasagittal scan through the abdomen of two-vear-old 

{ hild \ large tumour mass with a homogeneous uppt f pole 

hills the abdomen. Posteriorly, the vertebral column is seen 

where the ultrasound beam has transversed the interverte- 
bral discs 





h 
e scal I spieen t: vhich returns a hne structure 
ehout \ mien ints (a) can b seer V I5 the 
iracts tic of benign splenomegaly 
Fic. 8. 
nosed as cysts d to their extreme homo- Transverse scan through bladder at level of symphysis 
c < pubis. The cavity (B) is the bladder contents and the 
| he grey-scale 1 chniqui renders this less lumen is encroached bv a sessile tumour on the indurated 
since low-level hoes ari amplified and posterior wall of the bladder. Homogenous tumour is seen 


spre ading out from the base of the mass towards the left 


nternal structure is always observed in solid : 
side of the peivis 


urs. A Wilms tumour ts shown in Fig. 7. It 
eat ert hail of the l »domen In à two-vear-old 
Y ith ug the up er DOL o1 the tumour is ( Barnett and Morlev, 1971: 1972). and indeed de- 


homogeneous, there is a definite structure in bris in the urine may be displayed to such an ex- 

f the tumour material. As normallv occurs in tent to interfere with the clinical value of the scan. 

ts, the ultrasound beam has passed between th« However, the ability to register the whole range of 

= echoes in a single scan implies that the bladder con- 
tents are displayed on the same scan which shows 

Bladder the degree of extravesical spread of a bladder tum- 
Again, the addition of grey-scale adds little to the oul \ transverse scan of the bladder is shown in 
that may be obtained by conventional scanning Fig. 8 with a tumour on the left posterior wall, and 
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Transverse scan through bladder (B) at the level of the 

symphysis pubis. The posterior wall of the bladder is dis- 

placed forwards by a solid ovarian tumour (T) which proved 
to be a metastatic melanoma. 


neoplastic material spreading out into the left side 
of the pelvis. There is induration of the bladder wall 
which supported the conclusion that the tumour was 
malignant. 


Ovary 

Grey-scale techniques display solid tumour ma- 
terial and therefore it is easier to differentiate be- 
tween solid and cystic ovarian masses; this is of 
particular value in the diagnosis of cystaden car- 
cinoma of the ovary. An ovarian tumour, seen in 
Fig. 9, has a definite pattern throughout it. This 
patient was a 19-year-old female with widespread 
metastatic disease from a melanoma. Following the 
development of urinary incontinence only one phy- 
sician out of four felt a pelvic mass in the patient. 
The ultrasound examination displayed the tumour 
clearly and the low-level echoes showed that it was 
solid rather than cystic. 


Obstetrics 
Conventional ultrasound permits highly accurate 
fetal 


conven- 


placental localization and determination of 
maturity. For biparietal estimations, the 
tional scan has a positive advantage since the con- 
tour of the head is displayed particularly clearly. 
However, the use of the grey-scale technique, 
which displays the substance of the placenta, makes 
placental localization more reliable even in less 
experienced hands. The detailed fetal anatomy) 
which may be displayed by this technique has been 
strikingly shown by Kossoff and his colleagues 
(Kossoff, 1972; Kossoff and Garrett, 1972; Kossoff 





Fic. 10. 


Longitudinal scan of gravid uterus showing fetus in vertex 

presentation. The placenta (P) has a definite structure to it 

and is seen anterior to the fetal head. It can be traced round 

the head onto the posterior wall of the uterus. ‘The inferior 

edge of the placenta is irregular and there is probable haema- 
toma between it and the internal os (arrowed). 


et al., 1974). The technique therefore permits the 
in utero detection of congenital abnormalities. A 
gravid uterus is shown in Fig. 10 in which the fetal 
parts are well defined and the placental relation to 
the internal os can be assessed precisely. 


RECTILINEAR SCANNER 

Breast 

Although ultrasound appears to be an attractive 
alternative to ionising radiation for the detection of 
lumps in the breast, a tomographic technique is un- 
suited to the mass screening of healthy patients. 
The 100-200 sections required per patient would 
pose practical difficulties in execution and inter- 
pretation. Grey-scale ultrasonography has been 
used successfully to differentiate adenomas, cysts 
and carcinomas (Kosoff, 1974). However, in the 
practical management of a patient, a breast lump is 
nearly always excised or aspirated, enabling the 
nature of the mass to be established definitively. 
Ultrasound imaging may be of value as a radiation- 
free technique to follow-up lumps which have not 
been excised. 


Thyroid 

Grey-scale ultrasonography has been successfully 
used in the examination of the thyroid to differen- 
tiate cold areas on the Isotope scan due to adenomas, 
cysts and malignancies (Taylor and McCready, 
1975). The display of normal glandular tissue 1s 
essential for the reliable differentiation of benign 
and malignant masses of the thyroid. Malignant 
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tissue in the thyroid is characterized by returning 
echoes of lower amplitude than those from normal 
tissue (Crocker et al., 1974). Adenomas usually are 
cen as circumscribed areas with high level echoes. 
Fluid-containing areas produce no echoes while a 
typical scan showing a cyst involving the anterior 
spect of the left lobe is seen in Fig. 11. 


f , 
I STIS 


lesticular scanning has been reported using 
conventional ultrasound equipment (Miskin and 
jain, 1974) but the inability to. define the normal 
consistency of the organ precludes recognition of 
any small impalpable tumour. The rectilinear scan- 
ner, together with a grey-scale technique, enables 
small tumours and other lesions to be seen. A small 
tumour tn the left testis of a patient who presented 
with a mediastinal teratoma is shown in Fig. 12. The 
clinical problem in the management of this patient 
was to establish whether the mediastinum was the 
primary site of the tumour or whether this was 
metastatic from an occult tumour in the testis. The 
iltrasonogram shows a small defect in the edge of 


the left testis, which solved this problem. 


DISCUSSION 
The recent availability of grey-scale high reso- 
lution ultrasonography has greatly improved the 
diagnostic capabilities of this technique. The results 
presented indicate our preliminary assessment of 
where such techniques are useful in clinical diag- 


Howewvt r. 


nosis in such a short time only relatively 
ittle experience has been gathered and it is obvious 
both that the diagnostic accuracy will improve fur- 
ther and that the range of worthwhile applications 

both the manual and automatic scanning tech- 
iques will increase. 

The initial interest and concentration on auto- 
matic scanning techniques has been overshadowed 


the quality and diagnostic value of the manual 


[he speed with which the 


r( -scale sector scans 





i ransverse scan of thyroid. The trachea appears black (T) 
ind the lateral lobes of the thyroid lie on either side of it 


Met ead y 


results have become useful clinically has resulted in 
little time being left to fully assess the automatic 
scanning methods. Nevertheless the constant depth 
and spiral scans have not realized their initial prom- 
ise. Automatic rectilinear scans of the thyroid are 
likely to be especially useful as a complementary) 
investigation to the isotope scan. The rectilinear 
breast scans show promise but with the quality at- 
tainable with mammograms and xeroradiography it 
seems that our limited resources should be concen- 
trated on the other soft tissues where alternative 
Investigations are poor or absent. 

The outstanding improvements in diagnosis have 
been in the area of liver disease. Here, fine detailed 
anatomy is visible throughout the liver so that vessels 
and other structures as small as 3 mm diameter can 
be seen, making the diagnosis of early metastases 
and other space occupying lesions possible. The 
ability to see small biliary ducts is especially useful 
in the investigation of cholestatic jaundice where 
ultrasound fills a previous hiatus in our diagnostic 
capability. 

The fine anatomy displayed by this technique, 
requires for successful interpretation, a detailed 
knowledge of the anatomy and pathology of the 





Fic. 12. 


Transverse scan both testes. There is a small defect due to 
an occult tumour (arrowed) in the margin of the left testis. 


i) in the left lateral lobe. The common 
carotid artery (arrowed) is just resolved. 


l here isa 2 cm cyst I 
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liver as revealed by grey-scale ultrasonography. The 
diagnosis of necrotic tumour, cysts and abscesses 
requires attention to features such as the number 
present, the shape of the lesion and its internal struc- 
ture. Thus, although considerable experience is 
required to make a confident diagnosis, the method 
is potentially so accurate that time spent in training 
is worthwhile. 

The spleen is an organ which has proved difficult 
to assess by plain radiography or isotope methods. 
Our preliminary work would indicate already that 
ultrasound grey-scale techniques will be of great 
value even in diffuse diseases. Very encouraging 
results have been found in the genitourinary system 
although grey-scale techniques have less advantage 
over conventional scanners. However, the high reso- 
lution and intratumour details visualized indicate 
that better equipment yields better quality pictures 
even if the overall diagnostic accuracy 1s not mar- 
kedly improved, 

Of course conventional techniques have been 
highly successful in the obstetrics field for many 
years. The grey-scale technique makes placental 
identification considerably easier even in less ex- 
perienced hands. In this field the quality of the 
scans obtained by Kossoff and his team, using grey 
scale coupled to an automatic scanner, would suggest 
that future departments are likely to have a series of 
specialized ultrasound scanners for specific organs. 

In some applications, ultrasound techniques may 
replace current intrusive imaging techniques but in 
general they offer extra information which comple- 
ments other diagnostic techniques. 
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Book review 


Brain Scintigraphy. By Lourens Penning and Dov Front, 
Pp. xi4-384, 1975 (Amsterdam, Excerpta Medica), DA. 

There is one strange thing about this excellent book. 
Apart from their names, it is difficult to discover any in- 
formation about the authors. Both will be known to all of us 
who are interested in cerebral scanning from their published 
works. Professor Penning is a neuroradiologist at the 
University Hospital of Groningen, and Professor Front is a 
neurologist working in the Nuclear Medicine Department 
of the University of Haifa, That both authors are very 
clinically orientated is one of the chief delights of this book. 
indeed, the title is misleading, for this is far more than a 
text-book of brain scintigraphy, 

The book is divided inte sections, and each section is 
sub-divided into the written text and the illustrations. 
This subdivision can be disturbing to one's concentration, 
requiring a search some 10 to 20 pages farther on for the 
correct illustration. Even with this arrangement there is a 
considerable amount of empty space between the illus- 
trations which could have been used to increase the size of 
the robot pictures which are rather small for those not used 
to this technique. However, these are minor criticisms, and 
considering the profusion of pictures, the layout and for- 
mat may have been inevitable. The quality of the pictures is 
superb, and a nice mixture of other neuroradiological tech- 
niques is included. 

The first section of the book deals with the normal 
scintigram, technique and normal anatomical details. The 
technique adopted is exhaustive, and one doubts if it could 
be practised in many departments in the United Kingdom. 
Rapid sequential pictures up to three per second are taken 
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Yu, L., and Curang, Y. N., 1964, The application and 
value of ultrasonic diagnosis of liver abscess; a report of 
218 cases. Chinese Medical Journal, 83, 133—140, 


by Robot 35 mm camera and followed by Polaroid film every 
20 seconds, and at increasing intervals up to 30 minutes. 
Static scans are taken at one hour and may be repeated at 
three hours. 'This data may be increased in certain cases by 
an intra-arterial injection of isotope. Obviously, such a 
technique requires at least one gamma-camera dedicated 
totally to neuroradiology. There is, however, no doubt that 
this technique yields a lot of information in the author’s 
hands. 

The second section deals with the abnormal scintigram. 
It contains a whole mine of information about cerebral 
tumours, infection, trauma, vascular lesions and a lot of 
other conditions—clearly presented and with excellent 
illustrations. The value of dynamic and sequential studies 
in the differential diagnosis of tumour histology is well 
discussed. | 

The third section deals with CSF flow studied by cis- 
ternography—the problems of normal pressure hydrocepha- 
lus, of CSF leaks and various cystic conditions are all dealt 
with and the authors' considerable experience in this 
still developing area is again illustrated well and supported 
by line-drawings. 

The book, as a whole, gives a comprehensive and detailed 
account of cerebral scintigraphy including isotope arterio- 
graphy, sequential and late static studies, There is an ex- 
tensive list of references. It is well produced and a credit to 
the publishers—it even remains open at any chosen page. 
The price is high-~approximately £30. Nevertheless, 
even if this sum 1s beyond the pocket of some individuals, 
this book is a must for every department of neuroradiology 
and of nuclear medicine. 

A. S. BLIGH. 
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ABSTRACT 

'The paper presents measurements of the radiation ex- 
posure required in xeroradiography of the breast and of the 
extremities. The nature of the radiation hazard and the 
most appropriate quantity by which to assess it are dis- 
cussed, and it is shown that for a number of radiological 
procedures xeroradiographs can be taken for about the 
same radiation exposure to the patient as that required by 
conventional film techniques. 


The increasing use of xeroradiography for mammo- 
graphy has stimulated interest in other applications 
of the same method, and has made it necessary to 
examine in some detail the radiation exposure which 
this technique requires. 

In the present paper the special field of mammo- 
graphy is examined first and then, for a series of 
other radiological procedures, the skin exposure 
incurred for xeroradiography is compared with that 
for a conventional film-screen combination. 

The sensitivity of the recording medium is not 
the only factor influencing patient exposure. The 
optimum X-ray tube settings are different for the 
two recording media, and there are other technical 
matters, e.g., whether an anti-scatter grid can be dis- 
pensed with, which complicate the comparison. 

Several reports of patient dosage in xeromammo- 
graphy have appeared in which the comparison be- 
tween this and other techniques has been made 
solely on the basis of a measurement of exposure at 
the skin surface. We discuss below whether this is 
the best criterion for assessing the small hazard 
involved. 


MEASUREMENT OF EXPOSURE 

Throughout this paper the quantity measured 
and tabulated as an assessment of risk to the patient 
is the exposuret in réntgens. This quantity can be 
quoted without ambiguity, whereas the absorbed 
dose in rads depends markedly on the atomic com- 
position of the irradiated tissue, and may be appre- 
ciably higher in the skin (due to the sulphur con- 
tained in keratin) than in muscle or fatty tissue in 





*Now at Department of Medical Physics, Charing Cross 
Hospital, Fulham Palace Road, London, W.6. 


+This can be converted to the newer SI quantity “kerma in 
air" expressed in Joule/kg by multiplving by the factor 
8-69 x 10-3, 
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the same low voltage X-ray beam at the same depth 
(Gray, 1940). It is frequently far from clear what 
conversion factor has been used by an author in 
deriving "absorbed dose in skin", and as our meas- 
urements (and those of most other workers) have 
been made with instruments calibrated ultimately 
against a free-air chamber, we believe the likelihood 
of error will be reduced if the basic exposure 
measurements are quoted. Absorbed dose in differ- 
ent types of tissue can be calculated from these. 
Our measurements were made with an EIL port- 
able electrometer Type 37CT using the 35 ml, ioni- 
zation chamber. This was calibrated against a 
secondary standard instrument, itself calibrated at 
the National Physical Laboratory, over an appro- 
priate range of photon energies. ‘Thermolumines- 
cent detectors in the form of LiF in Teflon discs 
were also used for measurements through a breast 
phantom, and LiF rods for assessing incident and 
exit skin exposure values over a patient's breast. 
These were calibrated by us against the ionization 
chamber, but no correction has been made for any 
variation in sensitivity due to the changing quality 
of the beam with depth in tissue. In the later stages 
of the work, an Ardran-Crooks cassette calibrated at 
the National Physical Laboratory was used to de- 
termine the effective X-ray tube voltage. Exposure 
measurements were made in several centres with the 
cooperation of the radiologists involved. § 


MAMMOGRAPHY 

Nature of the hazard 

In mammography, the gonad dose should be en- 
tirely negligible, since the soft radiation used can 
easily be screened from the lower trunk. There is, 
therefore, no genetic hazard to the population to be 
considered, but only the somatic hazard to the 
patient herself. In any patient who presents with 
suspicious symptoms, the immediate need for the 
best possible radiographic examination is so much 
more important than the very slight risk of fresh 
tumour induction that a comparison of techniques 
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on à basis of small dosage differences seems irrele- 
vant. The technique which best serves the patient's 
interest is the one which in the opinion of the 
radiologist gives the best chance of detecting anv 
malignant lesion and of defining its extent. It is only 
if mammography is to be employed widely as a 
regularly-repeated screening test for women with 
no clinical symptoms, that the small carcinogenic 
hazard must be weighed carefully against the chance 
of detecting an early malignant tumour not yet 
showing any other signs—this being also a rela- 
tively small chance. Several screen-film combina- 
tions have recently been introduced which allow a 
mammogram to be taken with a skin exposure of 
less than 0-5 R. 

If a general screening programme by mammo- 
graphy should ultimately be shown to be effective in 
reducing mortality, and to be feasible economically, 
it is to these, or other, more sensitive recording 
techniques that one must turn. For use on patients 
with suspected lesions, however, the diagnostic 
quality of the picture is the primary criterion, and 
even in a screening programme this is the fact which 
will determine the number of early tumours detec- 
ted and so it must be given due weight alongside the 
dosage comparison. 

in mammography, very little bone marrow is 
irradiated. The tissue at risk for carcinogenesis is 
almost entirely the soft tissue of the breast itself and 
that surrounding the axillary nodes. There is no 
evidence to suggest that skin is any more liable to 
tumour induction than the underlying connective 
tissue, and so the total energy absorbed in the soft 
tissues would seem to be a more appropriate cri- 
terion of risk than the skin exposure. 

This quantity can be derived, with an accuracy 
adequate for protection calculations, from a measure- 
ment of skin exposure (róntgens) and a knowledge of 
the X-ray beam quality. We do this in a later para- 
graph for a variety of irradiation régimes used in 
mammography. 


Choice of irradiation régime for mammography 

‘The parameters available for choice are: 
(1) focus-skin distance (FSD); 

(2) tube kV; 
(3) anode material and filtration. 

(1) A long FSD will reduce patient exposure 
slightly, but not dramatically. It requires a more 
powerful X-ray set, and manufacturers of mammo- 
graphic equipment have generally chosen a fixed 
FSD less than 50 cm. Increasing this to 100 cm 
would reduce skin exposure to a 4 cm thick breast 
by less than 10 per cent. The longer FSD may, 
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however, give better resolution due to the smaller 

effective focal spot size. 

(2) With. xeroradiography it is possible to use 
higher voltage X-ray beams than would vield ac- 
ceptable results with film. The sensitivity of the 
selenium plates, expressed in terms of "reciprocal 
rontgens ,* increases with increasing tube kV over 
the range used in mammography and the edge 
contrast deve ipi Ad nc pecu any sig- 

p . To obtain 
iq. contrast in film anmmosrduhy it is 
usual to choose a tube voltage of about 30 kV. 

(3) If a tungsten anode is chosen, any soft L- 
radiation not absorbed in the tube window would 
contribute to surface dose without making any sig- 
nificant contribution to picture formation and must 
therefore be filtered out: 0-5 mm of aluminium 
achieves this adequately. With a molybdenum anode 
most of the energy is in the two groups of charac- 
teristic lines near 17-5 keV and 20 keV. The continu- 
ous spectrum above 20 keV can be greatly reduced 
with little effect on the line spectrum by using a 
0-03 mm thick filter of molybdenum. The principal 
effect of increasing the kV on a Mo-anode tube 
filtered in this way is to enhance the output of 
characteristic radiation, but it also brings back some 
of the more penetrating continuous spectrum. 

Marshall et al. (1975) have recently published a 
survey of diagnostic X-ray spectra measured with a 
Li-drifted germanium crystal, and have calculated 
the effect of different filters by an appropriate com- 
puter program. They kindly used their data and com- 
puter programs to plot the spectra from the two 
mammography régimes discussed below, and these 
spectra are reproduced in Fig. 1 (Marshall and 
Peaple e, 1974). 

The two régimes chosen for comparison were: 

(a) a tungsten anode tube with 0-5 mm Al filtration 
used at long FSD (82 cm) to reduce skin exposure 
toa minimum; 

(b)a molybdenum anode tube with 0-03 mm Mo 
filter at 38 cm FSD in the Siemens "Mammo- 
mat". 

Incident skin exposure, depth dose and energy fluence 


per róntgen. 


The skin exposure in the above two régimes for a 
range of tube kilovoltage and milliampere-seconds 
(mAs) was measured by the EIL ionization cham- 
ber. It was found to increase by a power law with 
kV and linearly with mAs thus allowing us to con- 
struct a simple chart giving skin exposure as a func- 
tion of kV and mAs for each régime. These charts 
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* i.e., the dii dene of the exposure needed to half discharge 
the selenium plate (see Boag, 1973). 
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ahi SENE: DNCHDGET Aus OMDNCH: Smita: SE: Jae Fic. f. 

Spectral distribution of the radiation from (A) a Mo-anode 
tube with 0-03 mm Mo filter excited at 30, 40 or 50 kV 
and (B) a W-anode tube filtered by 0:5 mm of Al and ex- 


Tube voltage cited at 30, 40 or SO KV. The spectra have been normalized to 


——— JOKV the same peak height of the principal line, to demonstrate 
euet 40kV changes in shape. (Measurements and calculations by 
series SOK Marshall and Peaple, 1974.) 


are reproduced in Figs. 2a and 2B. Similar charts 
can be constructed for any other irradiation régime. 

'The central axis depth exposure curves for these 
two régimes at several tube voltages are presented 
for fat-equivalent material in Fig. 3 and for muscle- 
equivalent material in Fig. 4. Most of the filtered 
output of the Mo-anode tube being concentrated in 
the characteristic lines at 17:5 keV and 20 keV, the 
depth exposure curves for this tube at both 30 kV 
| and 50 kV exciting voltage lie far below those for the 
MM tungsten tube at these same voltages. The greater 
FSD of the latter tube makes a small contribution, of 





0 10 i 20 : oA " 40 30 course, to this difference. 
uantum tnergy (Ke A breast of average size, pressed flat for mammo- 
A 


graphy, yields a tissue thickness of some 4-5 cm. 

Very small breasts may compress to 2 cm, and large 

ones remain more than 6 cm thick. Figure 4 shows 

that the beam from a Mo-anode tube is almost com- 

pletely absorbed in the average breast: the exposure 

rate is down to some 13 to 18 per cent at a depth 

of 4 cm in fat and to less than 5 per cent in 4 cm of 

muscle. Even for only 2 cm thickness of tissue the 

Tube voltage | incident exposure rate is reduced to between 40 | 

| percent (fat) and 10 per cent (muscle) at exit. For the ` 

NEU 40kV estimation of the carcinogenic hazard we shall not 

M -50kV be far out if we assume that the whole energy of the 

Mo-anode X-ray beam is absorbed in the breast 

tissue. In Table I the calculated fractions for a 4 cm 
breast range from 0-93 to 0-97. 

Even in the case of the more penetrating radiation 
from the tungsten anode tube, 4 cm of fat reduced 
the exposure rate to less than 40 per cent of the 
incident value and 4 cm of muscle to less than 20 
per cent. For a 4 cm breast the absorption fractions 
in Table I range from 0-72 at 50 kV to 0-82 at 30 kV. 

The energy fluence per róntgen in a monochro- 
l matic X-ray beam is inversely proportional to the 
E ia energy absorption coefficient, jen, of air, which falls 

Was iy rapidly as the quantum energy increases from 15 
TEN ee keV up to 100 keV, Z.e., throughout the diagnostic 
energy range. The rising curve of energy fluence per 
IO 20 30 40 50 röntgen for a monochromatic beam is shown in Fig. 5 

Quantum Energy (keV) and from this it is clear that 1 R of X-radiation 
B generated at 50 kV on a tungsten target tube (mean 
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skin Exposure (R) 


40 


Tube voltage (kV) 


A 





| 


ANIAN 


: 
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Skin Exposure (R) 





Tube voltage (kV) 


B 


Fic. 2. 


Skin exposure (including 10 per cent backscatter) as a funct 


ion of kV and mAs for (4) a Mo-anode tube at 38 cm FSD with 


0-03 mm Mo Filter (Mammomat), and (B) a W-anode tube at 82 cm FSD with 0-5 mm Al filter (Machlett). 


quantum energy approx. 27 keV) carries consider- 
ably more energy into the breast than 1 R of the 
characteristic radiation from a molybdenum target 
tube (quantum energy 17-5 and 20 keV). 

Using the spectral distribution provided by 
Marshall and Peaple (1974) (Fig. 1), we have cal- 
culated the energy fluence per röntgen for each of 
our two régimes, and give these in Table I. In the 


final column of that table we calculate the energy 
retained in a 4 cm thick breast per R incident, 
assuming that the absorption fractions are those 
calculated and set out in another column of the same 
table. 


Xeromammography compared with non-screen film 
Table H presents data compiled during some two 
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Variation of exposure through fat-equivalent material for 
the two X-ray régimes represented in Fig. 2. 
(a) W-anode 50kV tube potential | g- Hes 
(b) W-anode 30 kV tube potential f 2^ n FSD 
(c) Mo-anode 50 kV tube potential | oo. Ee 
(d) Mo-anode 30kV tube potential / ^^ ^n FSP 


years’ experience within the Royal Marsden Hos- 
pital using a Mammomat molybdenum anode X-ray 
tube and the Xerox 125 system (Gillbe, 1973). 
There was no explicit attempt to compare film 
with Xerox plates in a controlled trial, but both 
media were in use during the period, and the ex- 
posure factors for each were therefore well estab- 
lished. It can be seen that in every case the higher 
kV X-ray beam results in a lower skin exposure. 
Even when the criterion chosen is the energy ab- 
sorbed from the beam (interpolated from Table I) 
the final column in Table II confirms that this is 
appreciably lower for the 45-50 kV beam used in 
xeromammography. The table also demonstrates the 
great importance of adequate compression of the 
breast as a means of reducing the energy absorbed. 
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Variation of exposure through muscle-equivalent material 
for the two X-ray p ncs abun in Fig. 2. 
(a) W-anode 50kV tube potential | acr 
(b) W-anode 30 kV tube ipea. 82 cm FSD 
(c) Mo-anode 50 kV tube potential | 
(d) Mo-anode 45 kV tube potential 
(e) Mo-anode 30 kV tube potential J 


38 cm FSD 


RADIOLOGICAL PROCEDURES OTHER THAN 
MAMMOGRAPHY 

It has been shown that xeroradiography has some 
advantages in venography and arteriography (James 
et al., 1973), 1n the radiology of bones and joints 
(Wolfe, 1969), and in various aspects of head and neck 
radiology. In all these sites the Xerox technique must 
compete with film used with intensifying screens 
and a comparison of the patient exposure incurred 
can only be made by measuring the skin exposure 
when the two systems are used at the same FSD, 
but with the X-ray tube settings (kVp and mAs) 
chosen to give the optimum picture quality on the 
particular recording medium in use. In our work on 
this problem we have therefore cooperated with 
radiologists in several centres, and in each case we 
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measured the incident skin exposure for the normal 
X-ray setting used by the radiologist when taking a 
picture on film. We then reset the kVp and mAs to 
the values most appropriate for xeroradiography and 
took a confirmatory xeroradiograph, thereafter 
measuring the incident skin exposure to the patient 
at these settings. 

It is not our purpose here to compare picture 
quality or information content; that demands a 
careful examination of the film itself versus the 
xeroradiograph, by an experienced radiologist and 
so we do not present any such comparison —merely a 
few xeroradiographs to demonstrate that these were 
satisfactory under the conditions chosen. Figure 6 
shows that a xeroradiograph is not significantly de- 
graded when the antiscatter grid is omitted, and for 
many procedures in which the film technique would 
require a grid the xeroradiograph is excellent 
without it. To minimize patient exposure, we fre- 
quently used the maximum kVp which the available 
00 200 X-ray equipment would give—often a nominal 120 
kV, but the true potential frequently proved to be 






Quantum Energy (keV) less than this when tested by a recently calibrated 


Fita. 5. 


Energy fluence per róntgen as a function of quantum energy 
for monochromatic radiation. 


Ardran-Crooks cassette. If a higher tube potential 
had been available it would probably have been 


TABLE I 


CALCULATION OF ENERGY ABSORBED IN AN AVERAGE BREAST FOR BOTH MO-ANODE AND W-ANODE X-RAY AT 
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TABLE II 
STANDARD MAMMOGRAPHIC EXPOSURE SETTINGS FOR THE SIEMENS ''MAMMOMAT"' USED EITHER WITH NON-SCREEN FILM ( KODAK 
PE 4006) on Xerox PLATES ('*125" system) ar 45 cm FFD. THE "MAMMOMAT" HAS A ROTATING MOLYBDENUM ANODE WITH 
INHERENT FILTRATION 0:03 MM MOLYBDENUM. 












































Tissue Energy retained | 
thickness ‘Technique in breast | 
Type of breast |(undercompression) used Tube settings Skin exposure (R) ergs/cm? 
Xerox 125 45 kVp  25mAs 2-3 220 
Small - — 
Film 30 kVp 160 mAs 5:4 380 
Xerox 125 45 kVp | 50mAs 5 560 
Medium ~ 4 cm — 00 
Film 30 kVp 320 mAs 12 1,000 
Xerox 125 50kVp 125 mAs 15 1,950 
Large ~ 6-5 cm - - - 
Film 30 kVp 640 mAs 24-6 2,110 











3 
¢ 
A 
- 
vx 


ET A 





Fic. 7. 


Xeroradiograph of fracture taken without removing plaster 
cast. Nominal tube settings 120 kV 24 mAs. (Subsequently 


Fic. 6. 


Carotid angiogram taken without antiscatter grid. found to be giving considerably lower voltage.) 
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| Radiography 
ase | "Tube 
| Site | View settings 
| | | A-P 60kV 10mAs 
scaphoid TERT E UE —— —— 
| | Lateral oblique| 60kV 16 mAs 
| Wrist A-P 60kV 10mAs 
| PETRI NEAR ENS eee ECCE 
| | Lateral 60kV 16mAs 
| 3. | Scaphoid | A-P 60kV 10mAs 
i | Lateral | 65 kV 16 mAs 
| PP ANNAA EE A AE ENS POOE Meee a AAA EA 
| Lateral oblique] 65kV 10 mAs 
| 4 Rightelbow | | A-P 62kV 16mAs 
| | Lateral 67kV 16 mAs 
| 5 Carotid | Lateral 
| angiogram 
| | (Figs. Sand 6) | Lateral 72kV 40 mAs 
| (with grid) 
| 6 | Skull | A-P 80kV 80mAs 
| (air contrast (with grid) 
injections) a m ÁÀ MM—— 
| | Lateral 71kV 80 mAs 
j | (with grid) 
prr rM MÀ Án $m À— MÀ À——MÀ—— € Ó— He t steps 
| 7 | Carotid A-P 78 kV 100 mAs 
| angiogram (with grid) 
| | Lateral 69kV 80mAs 
| | (with grid) 
| 8 | Cervical spine | Lateral 75kV 80mAs 
| (with grid) 
bean 


X-ray film 






SKIN EXPOSURE MEASUREMENTS FOR XERORADIOGRAPHY AND FILM RADIOGRAPHY IN VARIOUS RADIOLOGICAL EXAMINATIONS, 


Xerox plates 





























FSD |Skinexpo-|Skin expo- Tube FSD 
(cm)  |sure (nR)sure (mR) settings (cm) 
84 64 100kVp 5mAs 84 
83 134 105kVp 5mAs 83 
84 64 100kVp SmAs 84 
82 134 100kVp 8mAs 82 
84 64 100kVp 5mAs 84 
82 119 115 kVp 6 mAs 82 
84 75 105 kVp 5mAs 84 
84 114 120kVp 8 mAs 84 
82 130 120 kVp 8 mAs 82 
125 kVp 40 mAs 80 
(with grid) 
80 394 125 kVp 16 mAs 80 
(no grid) 
77 950 122kVp*50mAs 77 
(no grid) 
82 620 122kVp*32mAs 82 
(no grid) 
77 1,160 122kVp*50 mAs 77 
(no grid) 
82 560 690  |122kVp*32mAs 82 
(no grid) 
150 190 330  108kVp*64mAs| 150 
(no grid) 


(The exposure measurements were made in “air” and do not include backscatter which amounts to some 20 per cent in most 


Cases, ) 


* Measured values of kVp (effective), using Ardran-Crooks cassette. 
**in all the work reported in this table the old Haloid manual equipment was used to develop the exposed plate and the 


powder image on the selenium surface was photographed directly 


cess used in the fully automatix Xerox 125 
which may be up to twice as high. 


possible to obtain quite satisfactory xeroradiographs 
at somewhat lower patient exposure. The use of these 
higher tube potentials allows good pictures of frac- 
tures to be obtained without removing the plaster 
cast ( Fig. 7). 

The data in Table III indicate that certain radio- 
logical examinations on limbs, head, ete., can be 
made by xeroradiography using conventional X-ray 
equipment at high kV settings without much in- 
crease in the radiation exposure to the skin above 
that incurred by conventional screen-film techniques 


on 6 x 6 cm film. It seems that the powder transfer pro- 


system requires a greater powder density and therefore a radiation exposure 


even although the intrinsic sensitivities of the two 
recording media differ by a large factor. This is due, 
as already mentioned, to the lower attenuation of the 
harder radiation which can be used and to the elim- 
ination of the need for grids. The dose to bone 
marrow and other deeper tissues will, however, 
be somewhat larger for the higher voltage radiation. 
The selenium thickness on the standard Xerox plates 
is 130 um, and the sensitivity of such a layer will be 
only slightly lower at 187 kV than at 129 kV (Shnei- 
deris et al., 1968; see Boag, 1973, Fig. 6). An explor- 
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ation of xeroradiography at higher kVp and, in the 
long run, for thicker selenium layers would there- 
fore seem to be well worth while.* 

A further factor in patient exposure is the number 
of films needed for a particular examination. The 
wider latitude of the xeroradiograph often shows 
diagnostic detail in regions of widely different 
density on the one picture, where two or more 
separate films at different exposures would be 
required. 

For all the sites shown in Table III, the scatter 
dose to the gonads should be negligible, so the 
hazard to be considered is principally the bone mar- 
row dose. Although for equal exposure at the inci- 
dent skin surface the higher energy beam will give 
a somewhat higher exposure at deep-seated bone 
marrow, the factor for converting to absorbed dose 
will be smaller. Each radiological procedure would 
require a separate discussion to arrive at an accurate 
numerical assessment of marrow dose, but it seems 
clear from Table III that the differences between 
conventional film techniques and xeroradiography 
need not be large, and may well permit the use of 
the latter technique for examinations where the 
gonad dose is negligible. 
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Book review 


Quantitative Nuclear Cardiography. Edited by Richard N. 
Pierson, Jun., Joseph P. Kriss, Robert H. Jones and 
William J. MacIntyre, pp. 289 (illus.), 1975 (John Wiley 
& Sons), £12-00. 

This multi-author book follows closely on the heels of a 
somewhat similar volume on cardiovascular nuclear medi- 
cine which was recently reviewed in this journal (48, 673 
(1975)), and many of the contributors are the same. The 
essential differences are that the arrangement of the infor- 
mation in the present volume is rather more problem- 
orientated as distinct from a survey of techniques, and the 
coverage is restricted to the heart, with the emphasis on 
quantitative haemodynamic measurements. 

The major chapters cover the use of dynamic imaging 
techniques for studies on the normal heart and in patients 
with congenital or acquired heart disease. Analysis of left 


ventricular function and regional myocardial perfusion 
studies are also covered. The technical chapters cover the 
mathematical modelling of radiocardiographic data, in- 
strumentation and radiopharmaceuticals. The brief con- 
cluding chapter on imaging of myocardial infarcts is an ex- 
tremely up-to-date (September, 1974) account of the im- 
portant recent developments in this field. 

Although the main emphasis is on the quantitative 
analysis of radiocardiographic data, there are numerous 
illustrations showing sequential images in a wide variety of 
clinical disorders, so that the book can serve as a compre- 
hensive atlas of radioisotope angiographic appearances. In 
all, it represents another useful survey of a rather specialized 
but potentially important subject, and can be recornmended 
as an extremely competent review, 

N. VEALL. 
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Stability of a linear accelerator with “achromatic” electron 
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ABSTRACT 
Third-generation accelerators with 270 deg. “achromatic” 
electron-beam bending should combine compact construc- 
tion with improved stability. Two-year performance 
tecords are A to show that flatness has remained 


m 


Cardiff 


“Dy mde accelerator installed. in 


Medical linear accelerator development falls into 
three well-defined phases: 
(1) first-generation machines with 
struction, 1950-60: 
(2) second-generation machines with 90 deg. elec- 
tron bending, 1960-70; 
(3) third-generation machines with 270 deg. electron 
bending, 1970... 
First-generation machines were large, with limited 
rotation, but were stable in use. The 90 deg. electron 
bending of the more compact second-generation 
machines is energy-sensitive, requiring servo stabiliz- 
ation techniques to maintain an adequate levelofbeam 
stability. Electron beam bending through 270 deg. 
can be made insensitive to large variations in electron 
energy, and therefore the new third generation ac- 
celerators with so-called “achromatic?” or pretzel 
bending magnets should combine stable performance 
with compact construction. 
this general type available from at least three manu- 
facturers, it is important to find out whether the 
stable performance expected from the achromatic 
magnet is achieved in clinical practice. This paper 
gives an account of the X-ray beam symmetry and 
stability of the first production model of the Radia- 
tion Dynamics 4 MeV "Dynaray-4" accelerator over 
a period of more than two years of hospital use. 


‘in-line’ con- 


PRINCIPLE OF OPERATION 

Non-dispersive, or “achromatic”? bending of an 
electron beam is produced by a non-uniform field 
between shaped poles shown schematically in Fig. 1. 
The electron beam enters the weak field where the 
pole gap is wide, through the so-called “mirror 
plane" defined by the two shaded surfaces of the 
magnet in Fig. 1. An electron with low energy fol- 
lows the smaller full-line loop trajectory, entering 
and leaving the field as if optically reflected from 


26 


With accelerators of 


the "magnetic mirror" of the "mirror plane". An 
electron with higher energy follows a flatter trajec- 
tory at first (larger dotted loop) which takes it fur- 
ther into the narrow pole gap where the stronger field 
corrects the trajectory by the right amount so that 
both electrons leave the field through the same point 
in the mirror plane. A pretzel magnet, therefore, 
accepts electrons of any energy within the design 
limits and delivers them all to the same point on the 
centre of the target. T. s ne uniform field of : a 90 
will follow a | path of Het bending radius to T the 
target off-centre. Because a conical filter is used to 
fatten the X-ray beam in all medical accelerators, 
any appreciable movement of the focal spot from 
the centre of the target results in an asymmetry of 
the X-ray beam which is clinically unacceptable. 
The number and variety of papers describing split- 
chamber beam steering, automatic frequency con- 
trol, energy servo loops, etc., is adequate testimony 
to the problems of maintaining beam stability with 
the second generation accelerators of the past de- 
cade. 

The magnetic mirror was first described bv 
Kel’man et al. (1939) and developed independently 
for ion Beam ee by Enge po The ation ud 
main sco paren is Roan in the simple schematic, 
Fig. 2, of the Dynaray-4 accelerator. Achromatism 
is usually best for a bending angle slightly less than 
270 deg., and the resulting outward tilt of the ac- 
celerating waveguide reduces the size of the support- 
ing structure and leads to a more compact machine. 
The performance of a pretzel magnet is unaffected 
even by large changes in magnet current. The smaller | 
loop in Fig. 1 shows the path followed by an elec- 
tron at the lower end of the energy spectrum. If the 
magnet current is reduced, the same low energy elec- 
tron moves out to follow the larger loop, but still 
hits the centre of the target. Electrons at the higher 
end of the energy spectrum would now be following 
a loop even larger than those sketched in Fig. 1, 
dangerously close to the wall of the vacuum box, so 
that in practice the first warning of a reduced mag- 
net current is a rapid collapse of the vacuum due to 
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outgassing from bombarded and overheated metal, 
but without any change in beam symmetry. For ex- 
ample, when the magnet current was deliberately 
held at 8 per cent below normal, the exposure rates 
at opposite sides of a 30 cm wide field were 102-2 
and 102-0 per cent of the exposure rate at the centre, 
while the pressure in the vacuum system rapidly 


approached the safety trip point. Under these: 


conditions, the mean exposure rate was reduced by 
30 per cent, and the preferential removal of the 
electrons from the higher end of the energy spectrum 
showed up in the over-flattening of the X-ray beam 
by the small amounts mentioned. 


BEAM SYMMETRY AND STABILITY 
[n order to achieve and maintain the high degree 
of beam flatness and stability which is possible with 
a pretzel machine, it is important that the position 
of the focal spot and the angle of incidence of the 
electron beam with the target should be in correct 





Fic. 1. 
Sketch of the vacuum box and looped electron path in the 
non-uniform field of the shaped poles of a pretzel magnet. 





Fic. 2. 


Relationship of pretzel magnet to other main components 
of the Dynaray-4 accelerator. 





adjustment. Because the position of the focal spot 
on the target is independent of the magnet current 
over a wide range, centering of the spot on the 
target is done mainly by movement of the whole 
magnet assembly in one or more of the 6 deg. of 
freedom available (sliding or rotation relative to the 
x, v or z axis). During this adjustment, the central 
fixing screw of the flattening filter is replaced by 








Fic. 3. 


Experimental arrangement used to monitor position of spot 
and angle of incidence of electrons on accelerator target. 
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Fic. 4. 


Pinhole beam superimposed on flatness profiles from an 
incorrectly adjusted bending magnet. The vertical dotted 
line represents the central axis of the X-ray beam, 
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a screw with a small hole drilled along its axis, to 
form a “pinhole” imaging system, as shown schema- 
tically in Fig. 3. The distance of the focal spot from 
the centre of the target can be estimated from the 
displacement of the pinhole image from the central 
axis, if the magnification of the system is known. If 
the electron beam is not hitting the target perpendi- 
cularly, the resulting tilt in the polar emission of 
X rays will show up as an asymmetry between any 
pair of widely spaced points outside the pinhole 
beam and equidistant from the axis (P, P in Fig. 3). 

Figure 4 shows an isometric plot of results of the 
type described, obtained during early on-site com- 
missioning of the Cardiff machine. Exposure rate 
contours were measured in air with a microchamber 
(Sutherland, 1964) at a focus-chamber distance of 
185 cm, chosen to give a tenfold magnification of 
pinhole image displacement, and with a diaphragm 
setting which gave a "field" of about 20x20 cm 
at the measuring distance. In the direction conven- 
tion adopted for the Dynaray-4, and used in the 
hgures accompanying this paper, the supporting 
structure of the accelerator (annulus) is south from 
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Fic. 5. 


Pinhole beam superimposed on flatness profiles from a 
correctly adjusted bending magnet. The vertical dotted line 
represents the central axis of the X-ray beam. 


the isocentre. The focal spot was found to be dis- 
placed from the centre of the target by 0-8 mm to- 
wards North and 1-0 mm towards West (displace- 
ments are reversed in a pinhole projection). The 
general asymmetry of the beam showed that the 
electrons were also not hitting the target perpendi- 
cularly, as shown schematically in Fig. 34. This 
small amount of maladjustment could be corrected 
by a compromise setting of the various beam steer- 
ing and focusing currents to achieve a clinically 
satisfactory degree of flatness, but with a small loss 
of exposure rate. Instead, with all other parameters 
optimized for maximum exposure rate, the pretzel 
magnet was readjusted to put the spot on the centre 
of the target, with the result shown in Fig. 5. With 
the magnet readjusted in this way, the final beam 
symmetry is shown in Fig. 6, measured in air at 
100 cm over the full 30x30 cm maximum available 
field. Except for the two central and the four corner 
"warm spots" flatness is within +-1 per cent over the 
whole field. 

As a first step in the commissioning of the mach- 
ine, while it was still under test at the factory, the 





Fic. 6, 


Flatness contours of full 30 x 30 cm field, measured in air at 
00 cm. 
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electron beam energy was raised to about 4:6 MeV 
to achieve an exact match of water depth-dose values 
with an existing accelerator, so that treatments 
would be fully interchangeable between the two 
machines. The electron gun fitted in the Dynaray-4 
is space-charge-limited, so that electron injection is 
almost independent of cathode temperature over the 
working range, and is controlled only by the dia- 
meter of a small hole in the gun anode. Since this 
hole cannot change in use, the gun design produces 
very constant electron loading of the RF wave, 
which in turn produces a stable electron beam 
energy. This feature contributes to the high overall 
stability of the X-ray beam, and even makes it 
difficult to produce deliberate changes in X-ray beam 
energy. Therefore the required increase in X-ray 
energy to match the existing accelerator had to be 
obtained by substituting a new anode plate with a 
smaller diameter hole, thereby decreasing the elec- 
tron loading of the RF wave. As a result, the higher 
energy X-ray beam was underflattened by the exist- 
ing filter, and metal was machined progressively 
from the periphery of the conical filter to obtain the 
degree of flattening described in this report. The re- 
duction in the diameter of the filter at the base of 
the cone caused the four small regions of slightly 
higher exposure rate in the extreme corners of the 
30 x 30 cm field. Since this novel feature is clinically 
beneficial, to help maintain dose-rate out to the 
edges of large treatment volumes, it was not con- 
sidered necessary to replace the filter with one 
designed for the higher energy. The two central 
warm spots of -+1 per cent are caused by a combina- 
tion of effects due to the small central mirror of the 
beam defining light system used in the Dynaray-4, 
and the absence of metal from the screwdriver slot 
of the central screw which secures the conical 
flattening filter. 

The extent to which the flatness of Fig. 6 will be 
maintained under all conditions of use, and over the 
years, constitutes the most severe test possible for 
the practical value of achromatic electron bending in 
actual clinical use. Early results from the Cardiff 
machine are summarized in the final two figures, 
which together add up to a remarkable record of 
beam stability. Figure 7 shows the stability of beam 
flatness during a 360 deg. rotation of the machine. 
Flatness was measured along the axis of rotation of 
the accelerator, at 100 cm in air across a 30 cm field, 
with the microchamber supported by a floor-moun- 
ted, remotely driven exploring unit. The changing 
direction of the beam relative to the floor-mounted 
chamber caused the latter to pass through the two 
central “warm spots" of Fig. 6 differently at each 


angle, resulting in the variations in the appearance 

of the two small “bumps” on the traverses of Fig. 7. 

The 4-2 per cent limits are shown dotted for each 

traverse. Apart from the central variations men- 

tioned, flatness deviations do not exceed +1 per 

cent over the full 360 deg. rotation. Finally, Fig. 8 

shows a sequence of traverses with the beam point- 

ing vertically down, starting with the machine in the 
factory and then extending over more than two years 
of hospital use. The traverses are plotted on an 
expanded scale (relative to Fig. 7) in order to show 
that even the fine structure has been maintained. 

'The following comments refer to Fig. 8: 

(1) Curve A was measured in the factory without a 
beam-defining light system in the treatment 
head, and therefore shows some small differences 
from the other traverses. 

(2) Between curves B and C the small mirror of the 
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Fic. 7. 


Flatness profiles measured across 30 cm field at 100 cm 
during full rotation of accelerator. 
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Fic. 8. 
Flatness profiles during two years of use, measured across 
30 cm field at 100 cm. 


beam-defining light system was modified, pro- 
ducing a change in the central fine structure, 
which thereafter remains stable within experi- 
mental limits. 

(3) Between curves C and D the pretzel magnet was 
removed for addition of extra lead shielding. 


(4) Curve D was measured at a time when the elec- 
tron emission was dropping rapidly from a fail- 
ing cathode. It shows the slight increase in 
beam energy resulting from partial failure of the 
space-charge-limiting effect in the electron gun, 
and represents the worst conditions likely to 
arise in practice from gun malfunction. Even 
under these conditions no asymmetry is visible. 

(5) Between curves D and E the pretzel magnet was 
removed for fitting a new target of slightly 
different design. 

(6) Between curves G and H the poles of the pretzel 
magnet were removed to cure a vacuum leak by 
tightening the fixing bolts around the base of 
the vacuum box. No readjustment of any kind 
was necessary before measuring curve H. 

(7) During the period covered by Fig. 8 five cathode 
changes took place, showing that flatness (and 
therefore also X-ray beam energy) is not likely 
to be affected by small differences from one 
cathode to another. 

Except for the variation in the way in which the 
microchamber passes through the two central warm 
spots each time the measuring equipment is set up, 
these records show that flatness has been maintained 
to better than +1 per cent over two years of use, 
without any special efforts or readjustments after 
the initial setting up exercise. This has been in 
spite of the above selection from the possible catas- 
trophies that can happen to an electron bending 
system in clinical use. 
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ABSTRACT 

Technetium-99m labelled imidodiphosphate was pre- 
pared in the presence of stannous ions. It was evaluated as 
a bone-scanning agent in animals and patients, Compara- 
tive tissue distribution studies in mice showed a relatively 
higher uptake of radioactivity in bone when ?"T'cm-imi- 
dodiphosphate was used, as compared to *"T'c*-labelled 
pyrophosphate and diphosphonate. Accumulation of radio- 
activity in soft tissues, especially kidneys, was less with this 
radiopharmaceutical. Results in patients were most satis- 
factory in delineating skeletal bone and identifying bone 
lesions with relatively small tracer doses of the radiophar- 
maceutical. 


Comparative studies with 18F, 978r" and 99Tcm. 
labelled phosphate complexes have indicated the 
advantages of 99?Tcm.labelled disphosphonate and 
pyrophosphate for bone scanning (Hosain et al., 
1973; Dunson et al., 1973; Ackerhalt et al., 1974). 
Pyrophosphate and diphosphonate with P-O-P 
and P-C-P linkages, respectively, have many simi- 
larities with the P-N-P grouping of imidodiphos- 
phate (Larsen, Willett and Yount, 1969; Robertson 
and Fleisch, 1970; Fleisch et al., 1973). Recently, 
Subramanian ef al. (1975) have reported 99Tc™- 
labelled stannous imidodiphosphate to be a promis- 
ing bone-scanning agent due to its higher uptake in 
the animal skeleton. Independently, we have been 
investigating a related preparation and obtained ex- 
cellent results not only in animals, but also in 
clinical evaluations. 


MATERIALS AND METHODS 

Preparation 

Preliminary studies were carried out with sodium 
imidodiphosphate and stannous chloride to deter- 
mine optimal labelling with 99'T'c» for skeletal imag- 
ing. It was observed that a simple method of pre- 
paration, essentially similar to that for pyrophos- 
phate (Hosain, 1973), gave reproducible results. 
A 1-2 per cent solution of stannous chloride 
(SnCle.2H20) in 4 N HCl was added toa 1-2 per cent 
solution of sodium imidodipbosphate (NagNHP2O¢. 
10H20) in isotonic saline in a 1:10 ratio by volume; 
the pH was close to 6-6. The latter material was sup- 


plied by Boehringer Mannheim Corp. and stated 
to be 99 per cent pure. Kits were prepared by trans- 
ferring 0-5 ml. aliquots of the mixture through a 0-224. 
membrane filter into sterile rubber-capped vials, 
which were flushed with nitrogen gas. These kits 
were stored in a freezer. Each kit contained an 
equivalent of 2-2 mg of imidodiphosphoric acid and 
0-26 mg of tin(II). At the time of use, an appro- 
priate amount of 99'T'em-pertechnetate eluate (1-80 
mCi in 0-5-3 ml.) was added to the vial at room tem- 
perature to obtain 99T'c"-imidodiphosphate com- 
plex. 


Evaluation 

Paper chromatographic studies were carried out, 
using 85 per cent methanol and 15 per cent water, 
to determine the presence of free pertechnetate in 
the radiopharmaceutical. 

Experimental scanning was carried out in rabbits 
weighing approximately 2 kg. A tracer dose of 0-5- 
0-8 mCi containing 0-1-0-3 mg of the complex was 
injected intravenously for bone scanning. À rec- 
tilinear scanner (Picker Magnascanner-V) was used 
to obtain posterior views covering the thoraco-ab- 
dominal region at different times. 

Blood clearance and urinary excretion. measure- 
ments were carried out in four female dogs weighing 
between 13 and 15 kg. They were anaesthetized 
with sodium pentobarbital and catheterized for the 
collection of urine. A slow infusion of isotonic saline 
(about 100 ml./hour) was maintained during the ex- 
perimental period of four to five hours. Blood sam- 
ples and urine were collected at hourly intervals 
following intravenous injection of 0-2-0-5 mCi of the 
radiopharmaceutical. 

Tissue distribution studies were carried out in 
mice (approximately nine weeks old). They were 
sacrificed at different times, particularly at two hours, 
following intravenous injection of tracer doses of 
99'l'em-imidodiphosphate diluted in isotonic saline 
(5-10 pCi containing about 20 ug of the complex in 
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0-2 ml. dose) Similar studies were carried out 
with 99'T'em-labelled pyrophosphate and ethylidene- 
diphosphonate. 9*T'em-pyrophosphate was prepared 
according to the method of Hosain (1973) and 
**'T'c™-diphosphonate was prepared according to the 
method of Dunson et al. (1973). They were flushed 
with nitrogen gas. 


Application 

The radiopharmaceutical was used in human 
investigations. Kits were used after testing for 
sterility and apyrogenicity of the batches. One kit 
was used for as many as five patients, each receiving 
10-12 mCi of the agent intravenously within two 
hours after addition of pertechnetate. Scans were 
obtained between one and five hours, after adminis- 
tration of the tracer dose, by using a dual probe 
rectilinear scanner (Ohio Nuclear). Thus far 18 pa- 
tients, who were referred for bone scanning for the 
evaluation of possible bone metastases or to define 
the extent of metastases, have been studied. 


ResuLts 

Chromatographic studies of the radiopharmaceu- 
tical preparations, used in the human investigations, 
indicated the presence of less than 0-5 per cent of free 
pertechnetate. Clear delineation of the skeletal bone 
in rabbits, with negligible radioactive accumulation 
in liver and kidneys, was noted upon scanning about 
one hour after administration of dose. In dogs, 
approximately 2 per cent of the radioactivity was 
found in the total blood at two hours and about 
40 per cent was excreted in the urine during that 
period. Tissue distribution studies in mice showed 
relatively higher accumulation of radioactivity in 


TABLE I 


COMPARATIVE TISSUE DISTRIBUTION IN MICE SHOWING 
RADIOACTIVITY IN RELEVANT ORGANS AT TWO HOURS 
FOLLOWING INTRAVENOUS INJECTION OF TRACER DOSES OF 
V^TcT-LABELLED DIFFERENT PHOSPHATE COMPLEXES 


^5 dose/organ (mean + S.D. for six mice) 


Imidodi- 
phosphate 


Organs 


Blood 
(calculated)| 0:52 +-0-15 
Liver 0-49 0-11 
Kidneys 0-44 0-10 
G.I. with 
content 
'Two femurs 


1:37 -0:20 
2-47 +-0-17 





the bones from 99Tcm-imidodiphosphate as com- 
pared to other **T'c™-labelled phosphate complexes 
(Table I). 

Results in all 18 patients were most satisfactory. 
Skeletal bones, especially metastatic lesions, were 
clearly delineated. Figure 1 illustrates an example 
of the skeletal scan without any metastatic lesions. 
Figure 2 shows the scan with extensive bone metas- 
tases. 


DISCUSSION 
The behaviour of 99Tcm-imidodiphosphate ap- 
peared to be similar to that of *99Tcm.labelled 
pyrophosphate and diphosphonate. However, up- 
take in the bones (as evident in the femurs of mice) 





(s 





Fic. 1. 


Skeletal scans showing anterior (A) and posterior (B) views 

of a patient without any lesion in bone. A 51-vear-old man 

with suprapubic pain for six months was referred for bone 

scanning. The patient did not have any renal disease but 
had colitis. 
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was about 25 and 50 per cent greater than that 
occurring with 99T'cm-]abelled pyrophosphate and 
diphosphonate, respectively. Uptake in the kidneys 
was particularly low with 99Tcm-imidodiphosphate. 
The advantage with this agent was that the scans 
could be obtained with relatively smaller tracer doses 
of 97Tc™, Indeed, 10-12 mCi of this radiopharma- 
ceutical was used for scanning adult human subjects 
instead of the usual 15-20 mCi doses of the other 
two complexes. 

Stannous-imidodiphosphate kits could be pre- 
pared, evaluated and stored in a frozen condition for 
human use. The kits could also be lyophilized speci- 
fically for commercial purposes. Storage of kits in a 
frozen condition has been found convenient, and a 





Fic. 2. 
Skeletal scans showing anterior (A) and posterior (B) views 
of a patient with extensive metastatic lesions in bone. 
A 59-year-old man with adenocarcinoma of prostate with 
metastases was referred for bone scanning prior to chemo- 
therapy. 


similar agent (Sn-pyrophosphate complex) has been 
found stable for over a year in that condition (Ho- 
sain, 1975). Inferior preparations of all the 99T'cm- 
labelled phosphate complexes, intended for bone 
scanning, usually show higher uptake of radio- 
activity in the soft tissue, particularly the liver (Ho- 
sain, 1975). The present method of preparing the 
99'l'em-imidodiphosphate has produced à product 
with consistently low soft-tissue uptake. 

Most of the human scans were obtained at about 
three hours after the administration of the tracer 
dose, but it was observed that adequate scans could 
be obtained as early as one hour. Radioactive uptake 
in liver and kidneys was low. It was also noted that 
the uptake in normal bone in patients with extensive 
metastases was relatively low compared to the nor- 
mal bone of patients without any metastasis. This 
becomes evident when Figs. 1 and 2 are compared. 
It appears that this radiopharmaceutical provides 
a higher target to non-target ratio, and the agent is 
probably superior to the presently used 99T'cm- 
labelled phosphate complexes. 
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Abstract 

Án assessment has been made of the performance of the 
type of display system m which each display signal intensity, 
Le. grey shade or colour, represents a range of count 
densities or counting rates. In the particular commercially 
available system used in this investigation eight different 
grey shades are used to display the image, a range of count 
densities being allocated to each grey shade. 

itis shown experimentally that changes in the distribution 
of radioisotope can fail to be detected solely due to the man- 
ner in which the display is used, viz. the way in which the 
count density is allocated to the available grey shades. Also, 
it is shown experimentally that the best display performance 
can be achieved by using one in which the range of count 
densities represented by each grey shade is less than three 
standard deviations of the mean background count density. 


Although several investigations have been made into 
display performance (Mallard and Wilks, 1968; 
Vauramo, 1970; Schulz et aL, 1970), there still 
appeared to be a need to produce results using a 
very simple, yet clinically realistic, test-pattern 
under carefully controlled conditions. 

The main purpose of clinical radioisotope investi- 
gations 1s to detect a small change in an otherwise 
normal distribution of radioisotope. Although some 
investigators, e.g. Schulz et al., 1970, prefer to take as 
the normal pattern that of the distribution of radio- 
isotope in a particular organ, it was felt that there 
was both difficulty in defining such a normal 
pattern, due to anatomical variations between 
patients, and also that most clinical patterns were too 
complicated to be suitable for a study of display 
systems. Instead a uniform distribution of radio- 
isotope was chosen as the simplest possible normal 
pattern. This is not completely divorced from having 
any clinical meaning since, for example, the central 
area of a lateral brain scan shows such a uniform 
distribution of radioisotope. The abnormality 
consisted of a circular area of increased activity 2 cm 
in diameter. This size was felt to be representative 
of the smaller size of lesion routinely detected in 
clinical practice. A measure of display performance 
is then an assessment of how, as the intensity of the 
normal pattern changes, the intensity of the abnor- 
malty must vary so that it is detected. These inten- 
sities are, of course, expressed as count densities or 
counting rates. 


The effect on the visual system of changing 


2 


— 


physical conditions, such as viewing distance, has 
been investigated by several workers (De Palma 
and Lowry, 1961; Davidson, 1968), although not 
specifically in relation to radioisotope images. Their 
results emphasized the need to control the physical 
parameters under which the display records are 
viewed; this has been done in this investigation. In 
addition, it is also necessary to control the psycho- 
logical conditions. Whether or not an observer 
claims that he can see the abnormality depends upon 
the criterion used when making the decision. If the 
observer gave a positive response (indicating that he 
could see the target) only when absolutely certain of 
his judgement, then this observer would produce 
fewer true positive responses (t.e. correct detections 
of the target) than one who gave a positive response 
to any signal which might indicate a target. However, 
the latter observer would also give more false 
positive responses (r.e. positive responses to signals 
which are not the target). À signal detection theory 
proposed by Tanner and Swets (1954) postulated 
that true and false positive responses were linked 
such that an increase in the rate of true positives 
could only be achieved at the expense of increasing 
the number of false positives. 

In this set of measurements it was intended that 
both the physical and psychological conditions 
under which the observers operated should not only 
be controlled as much as possible but should also 
resemble those met in clinical practice as closely as 
possible. 

Most of the reported measurements of display 
performance have been carried out using systems 
providing signals of brightness proportional to the 
intensity of the radiation from the detected activity, 
e.g. the photo-scan and the gamma camera oscillo- 
scope displav. However, the system considered in 
this paper is one of a type becoming increasingly 
popular, in which the display uses only a limited 
number of different intensities (usually grey shades 
or colours) to portray the detected activity. Thus 
each grev shade or colour represents a range of 
values of count density or counting rate. Such 
displays will be referred to as band displays since a 
range or band, referred to as the band width, of 
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count densities or counting rates is represented by 
each different signal on the display. 


METHOD 

The display system used for this investigation 
consisted of a multi-parameter analyser coupled to a 
P.D.P. 8/I computer (Nuclear Data 50:50 system). 
The display consists of a 64 64 matrix of square 
elements generated on a cathode ray tube. The 
number of counts (detected y photons) associated 
with an element is indicated by the brightness of the 
element, this brightness being one of eight differ- 
ent grey shades. In this paper these shades will be 
denoted by the series SH1, SH2. . . where SH1 is 
the darkest shade and SH8 the brightest. The dis- 
play is addressed either directly by a gamma camera 
or indirectly from a punched paper tape produced 
by a rectilinear scanner (Bowley et al., 1973). 

As has already been mentioned, the test pattern 
consisted of a uniform distribution of radioactivity, 
referred to here as the background, on which was 
superimposed the abnormality, or target, consisting 
of a circular area of radioactivity. The size of the 
background was chosen so as to correspond to that 
of the field of view of the gamma camera used with 
this display, this being circular in area and 31 cm in 
diameter. The resulting image on the display had 
a total of 3,096 elements, each element represent- 
ing a square area of the radioisotope distribution of 
side 5 mm. On this scale the target image was 
represented by a total of 12 elements. 

In order to obtain a true measure of display 
performance which must be independent of the 
distortions imposed by a real imaging system, such 
as a gamma camera or scanner, the input signal to 
the display was simulated. Punched paper tapes 
representing a uniform distribution of radioactivity 
were produced on the rectilinear scanner with a 
phial of radioisotope attached to the collimator of 
the detector. This input to the display was then 
manipulated by the computer to produce the desired 
image of the background. The target was produced 
by extracting a small circular area from a displayed 
uniform background which had the required mean 
counts per element (CPE). It was superimposed 
upon the chosen background to simulate the test- 
pattern. This results in a rectangular count density 
profile across the target which has the advantage of 
removing any effects due to a particular collimator's 
response. 

For each chosen value of the mean background 
CPE, a series of targets were superimposed, 
ranging in intensity from those which could be seen 
easily in the displayed image, to those which were 


undetectable. About five different mean target 
values were chosen to span this range. For each 
target value ten different display records were 
produced, equivalent to ten different scans. The 
target was in a different place each time. In addition, 
ten display records were produced showing the 
background alone. Since it was not feasible to use the 
cathode ray tube display directly to show the image 
to each observer, Polaroid photographs were taken 
as a record of each different image. It was, of course, 
necessary to choose a photographic exposure which 
allowed the observer to recognize all the different 
grey shades which were present in each particular 
image. 

Each set of photographs was presented to a series 
of observers having varying clinical experience in 
judging such display records. The photographs were 
presented randomly in a viewing box which was 
designed to ensure that each person saw them under 
identical and standardized conditions. These con- 
ditions were chosen so as to represent those found in 
clinical practice; the viewing distance was 33 cm and 
the average brightness of the display record was 
about 8-5 cd/m? (2-5 ft. La). 

Each observer was instructed carefully to report 
as positive only those records on which he was 
absolutely certain that the target was present, and to 
give its position. The remaining records which could 
have been classified as either equivocal or negative, 
were collectively regarded as negative. 

With each set of 60 photographs every observer 
was first given a trial run to allow him to learn how 
to apply the decision criterion. Then five more 
presentations were made, spaced at least a day apart, 
to produce experimental results for each observer. 
The number of true positive answers out of the 50 
answers that an observer gave for each target value 
(expressed as a percentage) was taken as the average 
visual response given by an observer, for a particular 
target intensity. These average response values were 
then plotted for a range of values of the target 
CPE, the background CPE being the same in 
each case. Typical results are shown in Fig. 2 where 
each line represents the response from one observer. 
The largest error in measuring visual response is 
that in determining the 50 per cent response point. 
To a good approximation each visual response curve 
will be S-shaped;* by fitting such a curve to the 
experimental points, the fractional standard, devi- 
ation of the target intensity corresponding to 50 per 


*Strictly the curve was assumed to be an ogive. Probit 
analysis, as described by Finney (1952) was used to fit the 
curve to the experimental data. 
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cent visual response was estimated to be less than 
IO per cent. This is sufficiently accurate for this 
experiment, in which altogether a total of over 
20,000 responses were determined. 


RESULTS 
A typical example of a display record is shown in 
l. 


Figure 2 shows a typical set of visual response 


Fig 
g 


curves, Each curve shows how, for each observer, 
his response varied with target count density, the 
background count density being kept constant. 
Visual response is given as the fraction (expressed as 
a percentage) of true positive answers given by the 
observer. 

For example, point A in Fig. 2 which is 6 per cent, 
that that viewed the 
pictures of this target of 6 CPE above background 


means when observer ten 
in five separate days, he gave a positive response on 
three out of the 50 occasions. The percentage of false 
positive responses given by observers when using the 
particular decision criterion chosen for this experi- 
ment is negligible and will be ignored in the results 
reported here 

As can be seen from Fig. 2, there is a variation 
between the responses given by different observers 
ven though they have all been instructed to use the 
A separate experiment 
showed no correlation between clinical experience in 


same decision criterion. 





l 

a display record showing the test- 
pattern. The target is to be seen at 10 o'clock, approximately 
halfway from the centre to the circumference of the image 


typical example of 


|! he display record is a photograph taken on Polaroid Type 


107 film, with tl 


shown or 


ie exposure adjusted so that all the gres 
the display were visible to the observer. 
only two different grey shades appear in 


the image 


«shades 


I! this examplk 


the use of this display and visual response, a result 
which has been reported in the review by Mallard 
(Fig. 16, 1974). 

The average value over all observers of those 
target intensities above background needed to 
produce a 50 per cent visual response was taken as 
being representative of each set of curves (see Fig. 2). 
The ratio of this target count density (above back- 
ground) to the mean background count density will 
the DETECTION CONTRAST. The 
detection contrast, then, is that ratio of target to 
background intensity needed to give the observer 
a 50 per cent chance of correctly detecting the target. 
Two forms of band display were considered. 
Constant band-width 


be called 


|. 

In this type the range of count densities represent- 
ed by each grey shade (t.e. the band-width) was kept 
constant for all values of the background count 
density. This range was 32 CPE, the darkest shade 
(shade 5H1) being assigned to all elements having 
Ü 3l counts, while the 
shade (shade SHS) represented 
having from 224 to 255 counts. 

After experimental measurements of detection 
contrast were made at backgrounds of 22, 27, 32, 
64, 80, and 128 CPE, a method was devised 
whereby measurements made for one value of the 
background count density could be extrapolated to 
contrast at 


between and brightest 


grey elements 


Be 


34, 


give the detection other background 


Background 


1-widt! 


32cpe 


lá Standard 


e 


d 


vitu 





ty 


Visual responses given by the set of observers. Each curve 
shows the variation of the fraction of true positive answers 
(expressed as a percentage) given by one observer, with 
target intensity. (N.B. ‘Target intensity is that CPE in the 
target which added to the background CPE.) Also 
marked are those values which produced a 50 per cent visual 
response from each of the observers, namely targets with 
average count densities of 8:3, 8:7, 9:2 and 10:5 CPE. The 
calculation of the detection contrast from these values is 
shown. 
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values. This was done because it was not feasible to 
make the very large number of experimental 
measurements which would have been needed to 
measure how the detection contrast varied over a 
wide range of background density. This method of 
extrapolation is described in Appendix I. 

Figure 3 shows how experimental and extra- 
polated values of detection contrast vary with 
background count density when the band-width is 
32 CPE. 

2. Statistical band-width 

The second form of display was the statistical 
band-width (Mallard et al., 1964; Laughlin et al., 
1969; Keyes and Gillespie, 1970). With this the 
range of count densities represented by one grey 
shade is always equal to a constant number of 
standard deviations of the mean background count 
density. 

In the clinical case, the mean background count 
density surrounding any abnormality is not known 
in advance. As a result, the range of count densities 
represented by each grey shade or colour is made 
equal to a chosen number of standard deviations 
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Effect on the detection contrast of changing the mean 
background CPE. Detection contrast is that contrast 
needed for the observer to have a 50 per cent chance, on 
average, of seeing the target. The display is the constant 
band-width one. The dotted lines show the probable be- 
haviour of the curve where the extrapolation procedure of 
Appendix I cannot be used. The error bars show the varia- 
tion in detection contrast between different observers. 
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of that count density at the centre of the band (see 
Keyes and Gillespie, 1970). This means that the 
range of count densities represented by one shade 
will increase from SH1 to SH8. This arrangement is 
obviously an approximation to a true statistical band 
system but probably represents the best which can 
be done in clinical circumstances. 

In this experiment, however, the mean back- 
ground count density is always known. As a result, 
each grey shade can now be made to represent the 
same number of standard deviations of the back- 
ground count density. For example, if the back- 
ground count density is 64 CPE, then to represent 
a statistical band-width of, say, three standard devia- 
tions each grey shade must cover a range of 24 CPE. 

With the statistical band-width form of the display 
used in this experiment, it was possible to vary the 
number of standard deviations represented by each 
grey shade (the band-width) and also the position of 
each grey shade relative to the chosen background 
count density. When the position is altered, the 
values of count density for the boundaries between 
each shade will also change. This effect is shown in 
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Effect of the positioning of the statistical bands relative to 

the background count density, B, on the range of count 

densities represented by each grey shade. The statistical 

band-width is n standard deviation. 

(a) Background count density coincident with the maxi- 
mum count density represented by grey shade SHA, 

(b) Background count density equal to the average count 
density represented by grey shade SH4. 3 
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Fro f5. 
The effect of count density on detection contrast when the 
statistical band-width is kept constant. Two experimental 
measurements are shown. The curve is produced by the 
extrapolation procedure of Appendix IT. In this case the 
curve is the average of the three curves produced from the 
three experimental points. 


Fig. 4 for two extreme cases. In Fig. 4a the back- 
ground count density is coincident with the maxi- 
mum count density represented by one of the grey 
shades, ze. the background count density is at a band- 
limit. In Fig. 4b, the background density is equal 
to the average count density shown by one par- 
ticular grey shade, Ze., it is at the centre of a band. 

As with the constant band-width system a method 
was evolved to use the experimental measurement of 
detection contrast at one value of the background 
count density to predict the detection contrast at 
other background values, assuming that the statistical 
bandth-width and the position of the background ín 
the band remained unchanged; this method is 
described in Appendix I]. Figure 5 shows the results 
of measurements of detection contrast at background 
count densities of 32, 128 and 200 CPE. The band- 
width was 2-8 standard deviations throughout, and 
the background count density was coincident with 
a-band limit. As can be seen, there is good agreement 
between the points and the average extrapolated 
curve. 

Detection contrast was also measured for a series 
of different statistical band-widths, but with the 
background count density and its position within the 
band fixed. The experi nental and extrapolation re- 
sults are shown in Fig. 6. For the lower curve the 
background count density corresponds to the centre 
of a band whatever its width, Le. it has a value 
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Effect of statistical band-width on detection contrast. For 

one set of points the background count density corresponds 

to the centre of a band, in the other set it is the same as the 
band limit. 


equal to the average of the maximum and minimum 
count densities of the band in which it is situated; 
the upper curve shows the variation in detection con- 
trast when the value of the background count den- 
sity corresponds to that of a band limit. 


DISCUSSION 

The preceding results show that in band display 
systems the detectability of a small change in image 
intensity is influenced by three parameters. Firstly, 
as can be seen from Fig. 6, increasing the statistical 
width of the band, while keeping all other parameters 
constant, can cause the detection contrast to increase, 
1.6. a greater target intensity is needed for detection. 
This effect is observed for band-widths of greater 
than three standard deviations when the back- 
ground is at the edge of a band and for band-widths 
of greater than about five standard deviations when 
the background is at the centre of the band. 

The second factor is the position of the mean 
background count density relative to the band limits. 
This is important for band-widths greater than three 
standard deviations. For example, it can be seen 
from Fig. 6 that at a band-width of five standard 
deviations the detection contrast is 21 per cent when 
the background is at the centre of a band but it 
rises to 40 per cent when the background is at the 
edge of the band. However, for statistical band- 
widths of less than three standard deviations there is 
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no difference between the detection contrast values 
when the background is at the centre of a band and 
when it is at the edge. This is confirmed by Fig. 7, 
which shows a series of values of detection contrast 
measured when the background count density is at 
four different positions inside a band. As can be seen, 
there is no significant change in detection contrast. 
For the band-widths of less than three standard 
deviations, a target's detectability is not affected 
by the positioning of the bands relative to the mean 
background count density. 

This result is important in clinical work where the 
mean background density, £e. that around the 
abnormality, is not known precisely. If a statistical 
display system is used with a band-width of not 
greater than three standard deviations of the mean 
background count density, then the target will be 
equally well detected no matter where the back- 
ground count density comes within the display scale. 

This result is supported by a mathematical 
analysis by Keyes (1973) which suggested that a 
value of between one and a half and three standard 
deviations should be the optimum band-width. How- 
ever, studies by Jordan and Geisler (1973), using a 
liver phantom, suggested that the optimum band- 
width should be slightly higher, between three and 
four standard deviations. However, this value was 
not rigorously measured. Further investigations on 
this point are in progress. 

The third and final influence on detection 
contrast is the value of the mean background 
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Variation of detection contrast with the position of the 

background inside the band of a statistical. band-width 

display. At a fractional distance 0 the background count 

density corresponds to a band limit, at 0-5 it is at the centre 

of the band and at 0-25 and 0-75 it is one quarter and three 
quarters up from the lower band limit. 


density. The effect on detection contrast of changing 
only the mean background count density was shown 
in Fig. 5. There is an approximately reciprocal 
square root relationship where a doubling of the 


background count density causes the detection 
contrast to decrease by a factor of 1-4, ie. as the 
background count density increases, target detection 
becomes easier. 

'These results can be used to explain the results 1n 
Fig. 3 which showed the effect on the detection 
contrast of increasing the background count density 
when the display system was a constant band-width 
one of 32 CPE. This curve has a saw-tooth shape. 
Initially the detection contrast decreased with in- 
creasing background count density, as expected, 
until a background count density was reached at 
which it suddenly increased rapidly before starting 
to fall once again. This saw-tooth behaviour was 
repeated several times although the later increases 
were not as great as the first one. As can be seen from 
Fig. 3, a small increase of the background count 
density from 27 to 32 CPE causes the detection 
contrast to rise from 28 to 73 per cent. As a result, a 
target which would have been easily detected at a 
background of 27 CPE cannot be seen when the 
background is 32 CPE. This effect has not we 
believe, previously been demonstrated experi- 
mentally. 
© With the constant band-width system, as the 
background count density increases the number of 
standard deviations represented by the constant 
band-width will decrease; also the position of the 
background inside the band will change. For 
example, at a background of 16 CPE and a band- 
width of 32 CPE the statistical width of the bands 
is eight standard deviations and this particular 
background count density corresponds to the centre 
of a band. At a background of 64 CPE, the band- 
width has decreased to four standard deviations and 
the background count density is now at the edge of a 
band. 

From the results found on the statistical band- 
width system, an increase in background count 
density and a decrease in statistical band-width both 
cause a decrease in detection contrast. This be- 
haviour also occurs with the constant band-width 
system, as shown in Fig. 3 where the average trend 
of the detection contrast is that it decreases with 
increasing background count density. The sudden 
rises in detection contrast seen in Fig. 3 must be due 
to the effect of the change of the position of the 
background inside the band. 

A comparison between Fig. 3 and Fig. 7 shows 
clearly the advantages of using a statistical scale for 
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TABLEI 
AVERAGE DISTRIBUTION OF GBEY SHADES AMONGST THE BACKGROUND ELEMENTS OF THOSE DISPLAY RECORDS USED TO TEST THE 
HYPOTHESIS ABOUT THE MANNER OF TARGET DETECTION i 
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The variation in the number of background elements having 

the two brightest displayed grey shades, with mean back- 

ground count density, for the constant band-width display. 
The band-width is 32 CPE. 


displays and Figs. 6 and 7 show that band-widths of 
less than three standard deviations should be adopted. 
By following this procedure, one can ensure the 
most effective use of the available counts, and reduce 
the number of abnormalities missed through 
differences in the display. 
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APPENDIX I 
The extrapolation procedure used with the constant band-width 
display. 

The visual signal received from the display has two 
components. Firstly, the particular grey shade of an element 
gives an indication of the number of counts associated with 
it, Secondly, the distribution of elements of a particular grey 
shade shows the spatial extent of those areas having a similar 
count density. 
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TABLE ILI. 


PERCENTAGE VISUAL RESPONSE FROM A SET OF OBSERVERS, AS A 
FUNCTION OF THE NUMBER OF ELEMENTS IN THE TARGET 
HAVING THE BRIGHTEST DISPLAYED SHADE OF GREY (SH3) 











Number of brightest elements 
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0 
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It was noted in preliminary experiments that when about 
half of those elements making up the background image had 
the same shade of grey, the target was not seen unless some 
of the elements representing the target had the next bright- 
est grey shade. This observation was confirmed by produc- 
ing a set of display records, the details of which are given in 
Table I. As can be seen, the background consists of elements 
having only the first two of the eight available grey shades 
(ze. shades SHI and 5H2), About half of the elements have 
each of these two shades. If the preliminary observation is 
true then the target should be detected only when some of 
the target's elements are of the next brightest grey shade 
(że, shade SH3). 

In Table H the visual response given by each observer is 
shown as a function of the number of elements in the target 
having grey shade SH3. When none of the target elements 
have this grey shade then the observers failed to detect the 
target. The only positive responses were from observer F 
and those were negligible, 

Now, if it should be that target detection is based only on 
the number of elements in the target which have the 
brightest shade in this particular image, shade SH3, and is 
not affected by the presence in the target of elements of 
shade SH2, then the visual responses shown in Table H 
should either be 0 or 100 per cent. That is, the observer 
either always sees the target every time that it has a 
particular number of elements having shade SH3, or, he 
always rejects it. This is observed to be the case with all 
but observers E and F. A statistical investigation of these 
two particular sets of results showed firstly no correlation 
between the two observers’ results and secondly that the 
responses of observer F were probably random. 

The results from this experiment, therefore, indicate 
that when more than half of the elements in the background 
have a particular grey shade then those elements in the 
target which have this same shade play no part in the 
detection of the target. The only elements in the whole 
image which influence detection are those which have a 
brighter grey shade, a target being detected when it has the 
appropriate number of elements of this brighter grey shade. 
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Figure 8 shows how the number of background elements 
having the two brightest grey shades to be shown in the 
image varies as the mean background count density 
increases. For example, when the background has a count 
density of between 20 CPE and approximately 40 CPE, 
shade SH2 is the brightest one present in the image and SH1 
is the second brightest grey shade. At just over 40 CPE 
the third grey shade appears in a few elements and so SH2 
replaces SH1 as the second brightest grey shade in the 
image. 

Also marked in Fig. 8 is a line indicating half the total 
number of background elements. When the number of 
second brightest elements exceeds this value then, according 
to the results above, these elements have no effect on target 
detection. It is as if the background image only consisted of 
those elements which have the brightest grey shade display- 
ed. Therefore, so far as target detection is concerned, images 
of the background for several different count densities now 
become identical. For example, images of the background 
at count densities of 27, 57 and 87 CPE, all contain 590 
elements having whichever happens to be the brightest 
grey shade to be displayed in each image. The remainder of 
the 3,096 elements in the background have darker grey 
shades, of course. Also, in all four cases more than half of the 
background elements have whichever is the second brightest 
grey shade in the image. So in each of these display records 
there are, on average, 590 elements which influence target 
detectability, i.e. which act as noise. Each of these four 
background count densities produces an image which is 
identical, from the point of view of trying to detect a target 
in it. 

'The detection contrast (that ratio of target to background 
count density needed to produce a 50 per cent visual 
response) was experimentally determined for a background 
of 27 CPE and was found to correspond to a target having 
9 CPE in excess of the background. A target of this mean 
count density will produce, on average, nine elements having 
the brightest displayed grey shade, i.e. shade SH2 in this 
case. So, our extrapolation procedure allows us to say that 
when the background count density is increased to 57 CPE 
then the corresponding detection contrast will be that which 
produces in the target image, on average, nine elements of 
the brightest displayed grey shade. As can be seen by 
reference to Fig. 8 this shade will be 3H3. 

In a similar manner the detection contrast could be cal- 
culated for a background of 87 CPE. 

An experimental measurement was made of the detection 
contrast when the background was 57 CPE. It gave a value 
of 24 per cent which compares favourably with the value of 
23 per cent predicted by the extrapolation procedure. This 
appears to confirm the validity of using the extrapolation 
procedure. 


APPENDIX H 

The extrapolation procedure used with the statistical band- 
width display 

One of the features of the statistical band-width display, 
as used in the idealized procedure of this experiment (see 
Fig. 4), is that when background count density alone is 
altered, i.e. without changing either the statistical width of 
the band or the position of the background within the band, 
then the appearance of the image of that background remains 
unchanged. By appearance is meant the proportion of the 
elements having each of the grey shades. 

From an experimental measurement that appearance of 
the target which produces a 50 per cent visual response from 


the observer can be determined, and the ratio of the corres- 
ponding target count density to the background count density 
is, of course, the detection contrast. 

Since background appearance remains unchanged when 
its count density is varied, then, provided the target count 
density is altered so as to keep the target appearance un- 
changed, the observer will always give the same 50 per cent 
visual response. The extrapolation procedure, therefore, 
simply consists of calculating, for each value of background 
count density, that target count density which is needed to 
maintain its appearance. The ratio of this new target count 
density to the new background count density will then 
give the new value of the detection contrast. 
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The angulation of radiotherapy machines in the treatment of inclined 


lesions 
By M. P. Casebow, B.Sc., M.Sc. 


Department of Medical Physics, Plymouth General Hospital, Plymouth, Devon 
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The treatment of inclined lesions on isocentric radio- 
therapy machines by suitable combinations of the 
machine's angular movements has been described 
by Besford e£ al. (1964) and by Fleming and 
Orchard (1974). The purpose of this paper is to 
generalize the equations of these authors, and pre- 
sent an alternative method for planning the treat- 
ment of inclined lesions. 


DEFINITION OF ANGLES 
A typical isocentric machine is illustrated in Fig. 1. 

The axes of rotation of the unit, the couch top and 
the diaphragms all intersect at the isocentre. Both 
the couch and diaphragm axes are perpendicular to 
the unit axis. The treatment angles of the unit may 
be defined as follows (all angles considered positive 
in a clockwise direction): 

A angle of arm of treatment unit to vertical (when 
viewed facing the unit); 

C angle of couch top to a line parallel to the unit 
axis of rotation (when viewed from above); 

D ««angle of diaphragm rotation from position where 
one side is parallel to the unit axis of rotation 
(when viewed along a ray from the source). 

When the patient is positioned, prone or supine, on 
the treatment couch, an inclined lesion will in 
general be angled to both the horizontal and to the 
patient's longitudinal axis (Ze. the couch top axis). 

As lesion inclination is usually derived from the 

examination of radiographs aut in the same patient 

pon on let: 

«-lesion angle to the horizontal, in lateral radio- 
graph; 

P--lesion angle to patient's 
antero-postertor radiograph. 

(See Fig. 2.) The true angle of lesion to the hori- 

zontal (y) 1s heci given by: tan y=tan a cos B. 

in multifield radiotherapy treatments, the fields 
are usually arranged such that their central rays are 
contained in a plane, called the "treatment plane", 

i which the dose distribution is calculated. For a 

particular field, let: 

8 —angle of the field central ray to the projection of 
the vertical, in the treatment plane. 

The derivation of equations for the calculation of 


longitudinal axis, in 


treatment angles A, C, D from angles a, B, 8 de- 
pends on the selection of treatment plane. Two 
methods are considered below. 


METHOD 1 
Treatment plane perpendicular to the lesion axis 

This is the method described in detail by Fleming 
and Orchard, who considered the situation where 
B 0. Their equations, when converted to the above 
notation and simplified, become: 

A —arccos (cos a . cos 0); 
C —arctan (sin atan 8); 
D —arctan (tan a/sin 6). 

When 6 9, the true lesion angle to the horizontal 
becomes y. These equations still apply if the couch 
is rotated through —£ and angle a is replaced by y, 
thus 

A —arccos (cos » cos 8) 


D= = -arctan Gay y/sin @) (1) 

Where y —arctan (tan a . cos B) 

For this method, each field direction is perpen- 
dicular to the lesion axis. As the treatment plane is 
not perpendicular to the patient axis, the fields enter 
the patient obliquely so that some form of missing 
tissue compensation is required to ensure a uniform 
dose along the lesion volume. 


METHOD 2 
Treatment plane vertical and perpendicular to patient 
axis 
This selection of treatment plane makes A —6, 


"Dunker twist D may be calculated by consid- 
ering the projection of lesion length in the treatment 
plane, as in Fig. 3. 

Let L be the true lesion length. The projected 
lesion length (y) parallel to the patient axis, as 
measured in both radiographs, is given by: 

y —L cos ¢ 
and the projected lesion length in the treatment plane 
is (L sin à). 

A field angled at 8 to the vertical will see this 
length foreshortened to (x) in the treatment plane, 
given by: 
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— diaphragm axis 
— — 


yiddnicdd —arm of unit axis 






le... couch axis 


Wu 


Fic. 1. 


An isocentric treatment machine, showing the treatment 
angles A, C, D, 


lateral 
radiograph 


Fic, 2. 
Lesion position relative to couch top (patient outline 
omitted for clarity). 


(Angles a, 8 are lesion inclination in lateral and antero- 
posterior radiographs.) 








.]treatment piane 
e Doc uu. 


aw" 





Lesion position relative to couch top, showing projection in 
treatment plane (Method 2). 
Arrow shows direction of beam in treatment plane, 


x —L sin $. cos (0) 
Diaphragm twist D is therefore given by: 


tan D = ofan h , COS (0) 





, tan a 
From the geometry of Fig. 3, tan  — ——7, and 
i tan f 
tan 
tan $ —— É 
cos VJ 


Z. tan D=tan a. sin -I-tan B . cos 8 
This is the general form of the equation: 
tan D —tan a.sin 6, previously used in this depart- 
ment, for the situation where B —0 (Buchan, 1969). 
'The treatment angle equations for Method 2 are 
therefore: 


A=4 J 
C=0 j (2) 
D —arctan (tana. sin 0-i-tan £ . cos 9) 


In the conventional isodose chart the distribution 
is taken through the central axis, parallel to one side 
of the field, whereas the distribution required for 
dose summation in this treatment plane is angled 
across the beam by diaphragm twist D. The isodose 
line positions at the edge of the field in the treat- 
ment plane will therefore be more widely spaced 
than those of the normal field. If D is appreciable 
for a given field, use of normal isodose charts will 
introduce dosage errors at the edge of the lesion 
volume. 'This error may be corrected by expanding 
the relevant isodose chart perpendicular to the 
central axis (i.e.: moving the lateral positions of the 
isodose lines) by a factor of (sec D) to obtain an 
effective distribution slicing across the field. 
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Fic. 4. 
A three-field plan using Method 2. 
(A) centre of lesion in treatment plane. 
(H) one end of lesion in plane parallel to treatment plane. 
(C) other end of lesion (contour not shown). 


As with Method 1, missing tissue compensation 
will in general be necessary. However, as fields are 
arranged perpendicular to the principal patient axis, 
compensation may not be required in treatments 
where patient curvature perpendicular to the treat- 
ment plane is small. The dose uniformity along the 
length of the lesion should however be checked: 
e.g. by estimating the mid-lesion dose at the ends of 

the lesion. This may be done by obtaining patient 
contours in planes through the ends of the lesion, 


parallel to the treatment plane, and locating the 
lesion in each plane (see Fig. 4). 


CHOICE OF METHOD 

The choice of which method to use depends on 
clinical considerations such as lesion angle and 
patient curvature. Ideally, Method 1 is preferable 
in that the treatment plan is accurate, as each radi- 
ation field is perpendicular to the lesion axis. However 
the fields enter the patient obliquely resulting in a 
lower percentage depth dose at the lesion and more 
irradiation of healthy tissue. Method 2 is therefore 
often preferable, even though the treatment plan 
may be less accurate at the edge of the lesion due to 
effectively slicing across the normal isodose distri- 
butions. In Method 2 the patient set-up is easier as 
there is no couch twist. 

It should also be noted that although derived 
for isocentric treatments, the equations also apply to 
fixed SSD treatments on isocentric machines. In 
addition, as there is no couch twist for Method 2, 
these equations may be used with other installations, 
such as vertically mounted units, if the head and 
diaphragms can be rotated. 

REFERENCES 
Besrorp, H., Sivyer, A., and Brarn, E. W., 1964. A plan- 
ning device for use with beam direction shells. British 

Journal of Radiology, 37, 391—394. 

BucHaN, R. C. T., 1969, (Unpublished.) 
FLEMING, J. S., and Orcuarp, P. G., 1974. Isocentric 
radiotherapy treatment planning where the treatment 


axis is not horizontal. British Journal of Radiology, 47, 
34—36, 





Book review 


Atlas of the Arteries of the Human Brain. By George Sala- 
mon, 2nd edn., 1973, pp. 189, £12. 

The well- deserved success of the first edition of this 
atlas has stimulated Professor Salamon to give us a second 
edition within two years of its first appearance. The readers 
already familiar with the first edition will know that it 
gave a detailed account of the anatomy of the cerebral ar- 
teries and their branches. For this edition Professor Sala- 
mon has dotted the “i's and crossed the “t's, the main 
changes being in the detailed description of the middle and 
anterior cerebral cortical arteries. Many of the illustrations 
have been replaced by new and even better ones. 

‘The form of the book is unchanged. It is based on a series 
of 430 brains in which the arteries had been injected and the 
specimens prepared by a method which is described in 
detail. Anatomical sections in three planes are each mounted 
next to a transparent radiograph of its vessels in such a 


way that the section and radiograph can be superimposed. 
This main section of the atlas is supplemented by a series of 
highly magnified angiographic sections showing the angio- 
architecture of the cerebral cortex, central grey matter, 
brain stem and cerebellum. The book commences with a 
nicely illustrated history of the development of our know- 
ledge of the cerebral circulation and a description of the 
course and distribution of each of the cerebral arteries, 
illustrated by selective injections. 

The publishers have done justice to Professor Salamon’s 
painstaking work, presenting it loose-leafed so that the 
plates can be more easily demonstrated but the atlas is 
robust and well bound. It is strongly recommended, not 
only to all those studying the neuro sciences, but also to 
students of anatomy. It is a perfect example of the great 
contributions that radiological methods can make to that 
subject. 

B. KENDALL. 
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Case report 
Radiographic and radioisotope evaluation of intra-osseous xanthoma 
A. Kovac, M.D.*, Y-Z Kuo, M.D.*, V. Sagar, M.D.f 


Radiology Service* and Nuclear Medicine Servicet Veterans Administration Center, Wilmington, 


Delaware 19805, U.S.A. 


The reports in the radiologic literature of osseous Cask Histor 

A 41-year-old, obese, black, male, steelmill worker was 
s EE Go admitted in January 1974. Multiple, non-tender, hard, ped- 
found between 1947 and 1971. The following is an unculated and sessile nodules covered most of the body 
additional case with pathologic fracture of the tibia, and extremities. He noticed the nodules first in 1954 and 
ever since the nodules interfered with his work, bruised 
cn P easily and ulcerated. 
prior to occurrence of fracture. Radiographic and On physical examination the nodules were seen covering 
hands, elbows, buttocks and knees (Fig. 1). Laboratory 
i , à tests revealed serum cholesterol: 300 mg, triglycerides: 710 
tecting the lesion six months before the fracture mg, and the rest of the tests being within normal limits 
occurred. The blood glucose tolerance test showed slight elevation in 


xanthomas are verv rare, and only seven cases are 


where an intra-osseous xanthoma was diagnosed 


radioisotope studies were both instrumental in de- 





tc. - 


Fic. 1. 


Both knees with nodular, tumour-like, well-outlined masses of different sizes. Note soft-tissue prominence in the areas of 
both tibial tuberosities. 


258] 


( ase repo t 


e hrst two hours (142 mg/100 ml.) which decreased to Craig needle biopsy of the lesion in the right tibia showed 
mal limits at three hours. ECG showed findings com- accumulation of lipoid material with typical foam-laden 
atible with left ventricular hypertrophy. macrophages and cholesterol clefts. This confirmed the 
Ihe chest X ray showed mild enlargement of the clinical diagnosis of intra-osseous xanthoma 
irdiac silhouette, and radiographic bone survey showed Follow-up film 70 days after the fracture showed healing 
holucent bone lesion at the anterior aspect of the proxi- and bony callus formation. The radiolucent lesion still 
right tibia with mild irregularity of the cortex at the visible (Fig. 6) 
ea of the tibial tubs rosity (Fig. 2). Some changes were also 
cen in the opposite tibia although to a lesser degree (Fig. 3) DISCUSSION 
IVP and barium-contrast studies were unremarkable. Bone ; à; | 
in using *"Tc" polyphosphate showed increased uptake (he radiolucent lesion described in the anterior 


the above-mentioned area of the right tibia, and to a and proximal right tibia with sclerotic margins, 


omewhat esser d ‘ce | ( - - ‘ i x 3 : 
it less legree in the corresponding left tibia preserved cortex of the bone and mild endosteal 


g. 4). Liver scan using ""T'e" sulphur colloid showed u< à 
eneralized decrease of uptake in the liver, A liver biopsi t hanges raised the suspicion of a slow -Erowing 
owed mild to moderate Tatty metamorphosis of the liver tumour, 


sure id remos i o1 Sever il nodules showed these to he 
xed and attached to tendon sheaths. On microscopic 


ination numerous foam-laden macrophages with 
olesterol clefts” were seen. Serum lipid and lipoprotein 
ictermination "eidel-Wieland test) was positive [ot 
Hoating — “Component, This was classified. as Typi It] 


oprotein pattern with hypertriglvceridemia. 
in August 1974 the patient was readmitted with a painful 
ind swollen rigni knex and proximal right leg This OK 

rred following a Tall 

R idiographii examination revealed a linear, radiolucent 
re line inthe proximal right tibia through the abnormal 

ea, noted on previous radiographs, confirming the diag- 
f an undisplaced pathological fracture (Fig. 5) 





ric. 2 
iter radiograph of right knee. Intra-osseous radiolucent Fic. 3. 
8101 th sclerotic margins and mild endosteal reaction Lateral radiograph of left knee which shows small area of 
in. the proximal night tibia Opposite the tibial rarefaction and radiolucencv, Iintra-osseous in position at 
tuberosity the level of tibial tuberosity 
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Due to the patient's xanthomatous skin lesions 
and an associated radiolucent bone lesion, intra- 
osseous xanthoma was considered first, and aware- 
ness of such a possibility may have precluded a 
pathological fracture. 

[ntra-osseous xanthomas are very rare and no 
specific guidelines for diagnosis are available at the 
present time. 

Phenotyping of patients with primary hyperlipo- 
proteinaemia is not within the scope of this writing 
and the reader is referred to works bv Levy and 





Fic. 4. 


("T'em-polyphosphate bone scan of both lower extremities 
with increased uptake in proximal portions of both tibiae, 
more prominent on the right side. 


2 


M. 


Frederickson, 1968, Levy et al., 1972, and Frederick- 
son and Lees (1965) and the proceedings of the NIH 
conference published in Annals of Internal Medicine 
(Levy et al., 1972). The main concern of this paper 
is to call attention to the diagnostic aspect of this 
rarely described entity. It is to be noted that each 
of the articles describing similar lesions is. limited 
to only one case (Sneider 1963; Sorensen, 1964; 
Weintrob and Truswell, 1974). However, 
studies and present-day knowledge shows that a 


recent 


large number of the population will demonstrate 
high values of triglycerides and cholesterol even 
in the younger age group (Frederickson and Lees, 
1965; Lees et 1972). This 


familial and relatively common disorder and has 


al., is considered a 


an ever increasing interest in atherogenesis and 
coronary heart disease. The second consideration 
is that although cutaneous manifestations are rare, 
deposits within the tendon sheaths are not unusual. 





: " 
a 
FIG. 5. 


Lateral radiograph of right knee showing linear fractures 
through the radiolucent lesion. 


> 
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( ase report 


Description of such cases is present in the litera- 
1962; March, Gilbert and Kain. 
Blankenhorn and Mevers (1969) describe a 


ure ( Blomqvist, 
1957) 
idiographi method for evaluation of xanthomatous 


involvement of Achilles tendon (Blankenhorn, 
|969) 
| hirdiv., the 


the tendon sheaths are not uncommon may predis- 


fact that xanthomatous deposits in 


pose im certain cases to invasion by continuity and 
subsequent abnormal deposits within the bone of 
ipid rich material. Weintrob and Truswell (1974) 


iteral radiograph of right knee showing healing of frac- 
tures and bony callus formation 
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report such findings in the hand of a patient with 
Type Ill 


in the calcaneus, and in our case in the tuberosity 


hyperlipoproteinaemia, Sneider (1963) 


of the tibia. However, other cases described (Brusco 
et al., 1966; Koch and Lewis, 1956; Layani, Durupt 
and Lambert, 1958; Sorensen, 1964), fail to disclose 
relationship of osseous lesion and tendon sheaths. 
Bone scanning with bone-seeking radiopharma- 
ceuticals has improved considerably the perception 
of early bone lesions and, nowadays, 99'T'em label- 
led polyphosphate, diphosphonate and pyrophos- 
phate are the most commonly-used agents. How- 
ever, numerous conditions may show increased up- 
take and positive bone scan. The exact mechanism 
of their unknown, even 
though the uptake is influenced by the vascularity 


localization in bone is 
and the osteoblastic activity of the bone. In our 
patient with intra-osseous xanthoma, the right tibia 
showed a definite increase in uptake and the left 
tibia to a lesser degree. The amount of involvement 
generally correlated with the intensity of uptake 
and suggested an early lesion on the left side. We 
believe that this is the first intra-osseous xanthoma 
demonstrated by this method prior to pathological 
fracture. 


SUMMARY 

The value of early detection of intra-osseous xan- 
thoma by radiologic and isotopic studies is demon- 
strated. Although we believed that the patient had 
only one lesion in the right tibia, discreet findings 
in the bone scan and inconclusive radiographic find- 
ings raised the possibility of another lesion in the 
opposite (left) tibia. This will encourage close follow- 
up studies of the left tibia to preclude the occurrence 
of pathological fracture in the future. 
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Book reviews 


An Atlas of Radiation Histopathology. By D. C. White, 
pp. iv-- 227, 1975 (Washington, U.S. Energy Research and 
Development Administration), $10-10. 

'The U.S. Armed Forces Institute of Pathology is reputed 
to hold the largest collection of human histopathological 
material in the world, and publications emanating from the 
Institute reflect the outstanding provisions of their source. 
This inexpensive paperback by the Chief of the Institute's 
Division of Radiation Pathology follows that tradition. The 
first of the 12 chapters occupies one-third of the book, and is 
devoted to the effects of whole-body irradiation in relation 
to the kinetics of the different tissues as they affect the 
expression of radiation damage. ‘This chapter draws on 
rare clinical material obtained from five subjects who had 
been accidentally exposed to whole-body doses of between 
600 and 8,000 rads of radiation of mixed quality. The re- 
maining chapters are divided by their reference to the 
various organs of the body ; each outlines the relevant struc- 
ture and function of the organ, the clinical effects of radia- 
tion damage to it, and the histological appearance of such 
damage. The material is drawn almost entirely from radio- 
therapy cases. 

The matter is illustrated in black and white by over 
200 photomicrographs and almost 30 excellent helpful 
drawings. A deficiency of the full legends to the photo- 
micrographs is that they never give the magnification and 
seldom indicate the time since irradiation; also, several of 
the low power views show too little detail to be informative, 
the reader having difficulty in distinguishing unstructured 
radiation damage from insufficient resolution. 

It is a considerable achievement to collect together so 
wide a range of material almost exclusively from clinical 
sources; the opportunities for obtaining specimens, es- 
pecially those which illustrate sequential changes following 
irradiation, are inevitably restricted; as might be expected, 
late changes predominate in the illustrations. Thus, the atlas 
may be a unique work for those whose need is for reference 
to specifically clinical material. The student of principles 
will find the first chapter of particular value; the dependance 
of expression of radiation damage on tissue cell kinetics is 
well and fully described. The author's assurance that an 
index is rendered unnecessary by the systematic division of 
the chapters is entirely acceptable. 

H. B. Hegwrrr. 


Tumours of the Nervous System, Edited by H. Gunter 
Seydel, pp. x-+-193, 1975 (John Wiley and Sons), £10.00. 

This publication is an account of the proceedings of the 
Annual Cancer Symposium held at the Fox Chase Cancer 
Centre. 

‘There is a section covering the use of radionuclides in the 
diagnosis of tumours of the CNS, This firstly covers scan- 
ning procedures and is well illustrated in black and white. 
There is an interesting comparison of the accuracy of 
various neurodiagnostic procedures and also the success 
rate of brain scanning in specific tumours. There then 
follows an interesting section dealing with dynamic function 
studies using isotopes in the blood stream and also intro- 
duced into the cerebro-spinal fluid. 'lhis section then 
closes after considering the use of radio-isotopes in the 
localization of intraocular and orbital tumours. 

The rest of the book is concerned with the treatment of 
tumours in the CNS. There are papers on the surgical 
approach to the treatment of gliomas, the treatment of glio- 
blastoma multiforme in different ways and combinations of 
surgery, radiotherapy, chemotherapy and radiation in the 
induced hyperthyroid state, Hyperbaric oxygen and radia- 
tion therapy for malignant gliomas is considered and the 
results of a pilot study reported. There is a paper considering 
the present state of the chemotherapy of brain tumours in 
childhood. 

The pituitary receives a good deal of attention. There is an 
excellent and detailed account of the treatment of pituitary 
tumours by radiotherapy. This is followed by a very in- 
formative account of radiation therapy in acromegaly and 
non-secretory chromophobe adenomas. 

The role of cryosurgery in the treatment of acromegaly is 
considered and there then follows a paper on the use of Bragg 
peak proton therapy to produce hypophysectomy. This is a 
detailed and interesting account. Finally there 1s a paper 
concerning the treatment of metastic disease of the nervous 
system by radiation therapy. This is a detailed analysis of 
what can be achieved when treating various metastases in 
different sites. 

This account of the symposium is a very worthwhile 
addition to the library of anyone concerned with the in- 
vestigation or management of tumours of the nervous 


system. m 
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Abstracts of papers read at the Joint Radiological Meeting held at Nottingham University Science Block, on 


September 27-28, 1974 


Joint Scientific Session 


Bone-seeking isotopes—pharmacology and mechanisms of uptake, by M. Frier and P. A. Griffiths, 
The role of radio-isotopes in the study of hyperparathyroidism, by D. J. Hosking. | 
Pre-operative localization of enlarged parathyroid glands by means of venous sampling, by G. A. P. In der Maur ana 


5. A. Duursma. (Ne abstract received) 


Photographic harmonization as a means of image enhancement in the study of bone lesions, by B. S. Worthington. 
Critical appraisal of scan minification, by R. Potter and P. A. Griffiths. 


Diagnostic Session 

An evaluation of fetal cephalometry, by P. Davies. 
Echocardiography in the general hospital, by P. G. Small, 
Contrast media in knee arthrography, by E. J. Roebuck. 
Shoulder arthrography, by B. J. Preston and J. P. Jackson. 


Adenomyomatosis of the gall-bladder, by D. R. Knapp. (No abstract received) 
Multi-colour transformation of the conventional angiogram and its applications, by B. 5. Worthington. 


Why enteroclysis of the small intestine?, by J. L. Sellink. 


A radiological study of morphology and growth in the human fetal colon, by P. F. Harris, P. R. M. Jones and 


C. S, Robertson. 


Detection of spread in carcinomas of the female genital tract, by H. N gan. 


The nephrogram, by P. Davies. 


Therapy Session 


Clinical significance of carcino-embryonic antigen, by A. M. Mackay. 

The MEM test in the diagnosis and prognosis of malignant disease, by J. A. Pritchard. 

Protein analysis in the diagnosis and monitoring of myeloma and macroglobulinaemia, by P. M. Carter. 
Urinary hydroxyproline excretion in the monitoring of carcinoma of the breast, by Eva Lester. 


Monitoring of neuroblastoma, by Jane V. Bond. 


Electron spin resonance as a technique for monitoring activity and response to therapy in malignant diseases, by 


M.A. Foster. 


Monitoring of choriocarcinoma, by K. D. Bagshawe and P. A. M. Walden 


Report on treatment of cancer of the ovaries, by Tj. Kuipers. 


Advances in treatment of malignant disease in children, by Dorothy Pearson. 


BONE-SEEKING I!SOTOPES—PHARMACOLOGY AND 
MECHANISMS OF UPTAKE 


By M. Frier and P. A. Griffiths 


Department of Medical Physics 
Nottingham General Hospital 


The general properties of bone-seeking isotopes and the 

pharmacological properties of HF and Tem phosphate 

complexes in particular are reviewed. Data were presented 

on: 

(1) The chemical state of cyclotron-produced fluorine, It is 
concluded that fluorine exists as a simple ionic species. 

(2) The rate of uptake of fluorine and aluminium—fuorine 
complex in rat bone. The uptake has been measured at 
several time intervals up to two hours in rat femur, 
pelvis and sternum. The same rate of uptake was ob- 
served in all the bones, and marked similarity between the 
rates of uptake of ionic fluorine and complexed fluorine 
was observed. This result markedly differs from pub- 
lished data (Kraus et al, 1968; Chaudri, Gartside and 
Ramicar, 1970). The limited data available (Yano et al., 
1973) on the rate of uptake of technetium-labelled 
diphosphonate in rat femur is superimposable on the 
present data, 

‘The data suggests that a common rate-determining step 
exists for the uptake of all bone-secking isotopes, regardless 
of their chemical state. This probably involves transfer 
from the body fluids into the hydration shell of the bone 
surface, The exchange process with the bone which follows 


indigena 








*Reprints available from the Editorial Office. 


undoubtedly differs depending upon the chemical state, 
but all exchange processes appear faster than the initial 
transfer step. 
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THE ROLE OF RADIO-ISOTOPES IN THE STUDY OF 
HYPERPARATHYROIDISM 


By D. J. Hosking 
Nottingham General Hospital 


Changes in bone mineral content have been studied in 
hyperparathyroidism using im vívo activation analysis or 
photon absorptiometry. In general, normal skeletal radio- 
graphs imply a loss of less than 15 per cent of bone mineral, 
while mineral content in those with abnormal radiographs 
is reduced by 15—45 per cent. 

Operative treatment is likely to be advised in most 
cases of hyperparathyroidism, but there are some patients 
who may wish to defer or refuse operation. In these latter 
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circumstances sequential measurements of bone-mineral 
content may help in the conservative management of these 
cases. Progressive demineralization which may occur in the 
untreated situation can be demonstrated to regress follow- 
ing parathyroidectomy. 

Combination of measurements of skeletal mineral with 
isotopic tests of calcium absorption provide a more com- 
plete picture of patho-physiology without involving the 
need for hospitalization. Absorption is increased in most 
cases of hyperparathyroidism, except those with overt bone 
disease where it has decreased, although there seems to be 
little correlation between calcium absorption and the se- 
verity of bone disease. There is, however, a much stronger 
direct correlation between urinary calcium excretion and the 
severity of demineralization. This illustrates the important 
homeostatic role of the kidney in modifying the hypercal- 
caemia of hvperparathyroidism. 


PRE-OPERATIVE LOCALIZATION OF ENLARGED 
PARATHYROID GLANDS BY MEANS OF VENOUS 
SAMPLING 


By G. A. P. In der Maur and S. A. Duursma 


Department of Diagnostic Radiology and Department of In- 
ternal Medicine, University Hospital, Utrecht, Catharijnesin- 
gel 101, The Netherlands. 


(No abstract received). 


PHOTOGRAPHIC HARMONIZATION AS A MEANS OF 
IMAGE ENHANCEMENT IN THE STUDY OF BONE 
LESIONS 


By B. 5. Worthington 
The General Hospital, Nottingham 


Photographic harmonization refers to a transformation of 
the radiographic image, whereby the background or 
"macro-contrast" is reduced, while that of the fine detail 
is preserved. A blurred positive mask of a radiographic 
image is produced by diffusing its image through a thin 
sheet of opal Perspex. The original film and this mask are 
then combined, with the result that in the final harmonized 
copy part of the background is subtracted out with resulting 
subjective. enhancement of fine detail. Combining the 
harmonized film with the original restores background 
contrast to normal, while detail contrast is much improved. 

In addition, areas of high density in the original film fall 
within the useful tonal range of the harmonized film, which 
allows better deliniation of soft-tissue shadows, 


CRITICAL APPRAISAL OF SCAN MINIFICATION 
By R. Potter and P. A. Griffiths 


Department of Medical Physics 
Nottingham General Hospital 


To investigate the effect of scan minification on the per- 
ceptibility of defects in radioisotope. distributions, a series 
of scans was obtained of a uniform phantom with various 
spherical cold defects. The defects were positioned in five 
different arrays, each one being scanned at a series of in- 
formation densities ranging from 100 to 1,600 cm-? on two 
different scanners (Ohio Nuclear 84 and Selo DS7). Full size 
and 2:1 minified images were assessed by three observers 
independently under controlled conditions on five different 
Occasions. 


The results indicate a marginal improvement in the 
detectability of the smaller lesions. However, the claim 
that scanning speeds may be doubled when reducing size 
of image by a factor of 2 is disputed since a significant 
s of detectability occurs in small defects and defects out 
of focus. 


AN EVALUATION OF FETAL CEPHALOMETRY 
By P. Davies 


City Hospital, Nottingham 


An improved method of fetal cephalometry by ultrasound 
was described. It involves a search procedure which was 
illustrated by a flow chart and a checking procedure (the 
cephalic diameter is checked in a plane at right-angies to 
that in which it was estimated). Experiments have shown 
that there is no significant difference between measure- 
ments made on different machines, provided that the 
assumed speed of ultrasound in tissue is the same for both 
machines. Serial cephalometry may be performed by dif- 
ferent observers with no loss of accuracy. The chief 
source of variation is the failure to measure the same 
diameter on each occasion. The term "fetal cephalic diam- 
eter" should be substituted for the term "fetal bi-parietal 
diameter" when referring to the procedure of ultrasonic 
cephalometry. 


ECHOCARDIOGRAPHY IN THE GENERAL HOSPITAL 
By P. G. Small 


Consultant Radiologist 
The General Hospital, Nottingham 


The paper was concerned with stressing the importance of 
this investigation in the general hospital, remote from sophis- 
ticated cardiovascular facilities. The widespread acquisition 
of obstetric-type B-scan machines should make it possible 
for this examination to be carried out on a far wider scale, 
The paper emphasizes the more useful applications of this 
technique, which can be performed after relatively little 
practice, and describes the results obtained over à two-vear 
period. 

A series of examples of typical scans were demonstrated, 
and the correlation with the physical signs of mitral stenosis 
illustrated. The importance of close co-operation with the 
cardiologists was stressed. Some reference was also made to 
those less common conditions which are likely to be en- 
countered and can be diagnosed reliably by ultrasound. 

The involvement of radiologists in this rapidly-growing 
technique is strongly encouraged, 


CONTRAST MEDIA IN KNEE ARTHROGRAPHY 
By E. J. Roebuck 


General Hospital, Nottingham 


A short review of development of techniques in knee ar- 
thrography was given together with a short account of the 
author's technique. Experiences using Dimer X as a positive 
contrast medium were compared with those in a controlled 
group of patients who were examined using Urografin 60 
per cent. It was shown that Dimer X has advantages both 
with regard to radiographic quality and to the minimal side 
effects which were encountered. It was concluded that 
Dimer X is the positive contrast media of choice at the 
present time. 
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SHOULDER ARTHROGRAPHY 
By B. J. Preston and J. P. Jackson 


Nottingham General Hospital 
Nottingham NGI 6H A 


Pain and limitation of movement at the shoulder joint are 
common presenting complaints, and clinical examination 
and routine radiography do not usually determine the exact 
cause of the patient's symptoms, Arthrography is a method 
of investigating shoulder disability, and our experiences 
based on 42 examinations are presented. 

The average age of the patients was 53 years, and three 
times as many males as females underwent the procedure. 
A history of trauma could be elicited in approximately 60 
per cent of cases. 

Houtine antero-posterior radiographs in internal and 
external rotation, an erect antero-posterior film, axial views 
of the shoulder and intertubercular groove are taken. With 
the patient supine, a short bevelled needle 1s inserted into 
the shoulder by anterior approach. 1 ml. of Conray 280 is 
injected under screen control to confirm that a satisfactory 
puncture has been made and then 12 ml. of Conray 280 
followed by 10 ml. of filtered air are injected under screen 
control. The needle is removed, and following careful 
manipulation of the shoulder, a further set of films is 
obtained, The only complications encountered were dis- 
comfort and pain. All patients had mild discomfort during 
the procedure and for about two hours afterwards. The 
features of a normal air-contrast arthrogram were des- 
cribed. 

The main abnormal arthrographic patterns which were 
recognized are as follows: 

(13 complete tear of the rotator cuff; 
(2) incomplete tear of the rotator cuff; 
(3) capsulitis. 

Complete tears are revealed by the passage of contrast 
from the glenohumeral joint into the subacromial bursa, 
and some 1dea of the size of the tear may be obtained from 
observing the rate of filling of the subacromial bursa on the 
screen as the contrast is injected, and by noting the radio- 
fucent band between the subacromial bursa and contrast 
overlying the upper humerus, as this area represents the 
rotator cuff. Incomplete tears were recorded in only two 
cases, and the radiographic diagnosis is based on the 
passage of contrast from the glenohumeral joint into the 
rotator cuff and the absence of filling of the subacromial 
bursa. 

Contracture of the synovial pouches, in particular the 
axillary and subscapularis, i is the main arthrographic feature 
of capsulitis, and in this condition, the joint only accepts 
smaller amounts of fluid. It was diagnosed in eight cases. 

The bicipital tendon sheath abnormalities that were 
detected were: 

(1) non-filling, and 

(23 leakage of contrast. 

‘Subluxation and dislocation of the bicipital tendon was not 
recorded. 

In two cases there was an enlarged entrance to the sub- 
scapularis bursa, and this has been recorded by Reeves 
(1966) in recurrent anterior dislocation of the shoulder, 
but our patients had not sustained such an injury. 

'The technical problems of shoulder arthrography are: 

(1) failure to puncture the joint; 

(23 periarticular injection of contrast; 

(3) delayed filing of the subacromial bursa; 

(4) injection of contrast into subacromial bursa: 

(8j mistaking biceps tendon sheath for subacromial bursa, 

Over 23 per cent of our cases had their shoulders explored, 
and the arthrographic findings were confirmed on all oc- 
casions. In four of our cases, the patients had persistent 
shoulder disability although the arthrograms were normal. 
irt was thought possible that a deep central tear of the rota- 
tor cuff or a healed partial or complete tear of the rotator 


cuff leaving a fibrous nodule or an undetected bicipital ten- 
don lesion could be responsible for these symptoms, but in 
two of these cases, the shoulders were explored and no 
abnormality was seen. 

It is concluded that shoulder arthrography is an accurate 
method of giving further information concerning lesions 
of the shoulder joint. 


ADENOMYOMATOSIS OF THE GALL-BLADDER 
By D. R. Knapp 


City Hospital, Nottingham. 


(No abstract received). 


MULTI-COLOUR TRANSFORMATION OF THE 
CONVENTIONAL ANGIOGRAM AND ITS APPLICATIONS 


By B.S. Worthington 
The General Hospital, Nottingham 


Diagnostic radiology is dominated by image representation 
in black and white separated by a tonal range of varying 
shades of grey. Application of colour to radiographic images 
must be clearly related to meaningful anatomical units such 
as blood vessels rather than physical abstractions from the 
black and white image. 

By photographing each of three films from an angio- 
graphic series through a different colour filter on to a single 
frame of colour film, the vascular anatomy 1n the composite 
image is rendered in lines of changing hue. Kodak Wratten 
filters in the additive primary colours, red, green and blue 
are used, When positive subtraction prints of the same 
films are photographed through the same filters, the image 
structure is built up in the subtractive primary colours. 
Where there is overlap between the selected phases, vessels 
common to two or all the films will appear in compound 
colours. For three overlapping phases with normograde 
How, coloured respectively red, green and blue the contrast 
in the final image will follow a change in hue moving 
from one colour to another further on in the sequence red— 
yellow--green-cyan-blue. 

The practical value of multicolour imaging derives 
from the clear display of the topographical relationship of 
vessels in the three component films, and in addition, be- 
cause the movement of contrast through the vessels is re- 
flected in predictable succession of colour shifts, it becomes 
possible to examine relative differences in the rate of transit 
of contrast through different groups of vessels. 


WHY ENTEROCLYSIS OF THE SMALL INTESTINE? 
By J. L. Sellink 
University Hospital, Leiden, Holland 


It is easier to demonstrate anatomical and functional 
abnormalities of the small intestine when the loops are 
well-filled with contrast fluid, and the examination, like 
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that of the colon, 1s carried out under fluoroscopic control. 
The length of the examination must therefore be very short, 
and the contrast fluid may not flocculate since in that case 
evaluation of the anatomy of the mucosa is of course com- 
pletely impossible. Under normal conditions the rate of 
transit through the small intestine is dependent upon the 
degree of filling of the duodenum and the proximal jejun- 
um, and therefore the rate of gastric emptying rather than 
on factors in the small intestine itself. 

A short examination, a sufficient degree of filling of the 
intestinal loops, prevention of flocculation and evaluation 
of the motility of the small intestine, which are comparable, 
are all realized if the contrast fluid 1s not administered as a 
drink but by means of an infusion directly into the duo- 
denum. Because an infusion is used, the course of the ex- 
amination can be controlled completely and, if desired, 
good double-contrast films of the small intestine can also 
be made. 

The enteroclysis examination is, however, only suc- 
cessful if a number of technical requirements are satisfied; 
these were discussed briefly. 


A RADIOLOGICAL STUDY OF MORPHOLOGY AND 
GROWTH IN THE HUMAN FETAL COLON 


By P. F. Harris, P. R. M. Jones and C. S. Robertson 


University of Nottingham Medical School 
Nottingham NG7 2RD and 
Loughborough University of Technology 
Loughborough 


Radiographic studies were made of the opacified colon in 

six human fetuses between 11 and 20 weeks gestation. The 

studies included: 

(1) general morphology; 

(2) measurements of total colon length and of its pre-splenic 
(proximal) and post-splenic (distal) parts; 

(3) changes in the two-dimensional (vertical and transverse) 
position of the splenic flexure and ileo-caecal junction. 

The changes i in Min panen were re SIE ie dn 

as a reference poi nt, 

Morphologically, the colon proximal to the splenic 
flexure can be classified into three types-——transverse, ob- 
lique and ascending/transverse. Although the transverse 
type presonmneice in the younger iiy. and me ascend 
siderably i in their incidences in relation. to inatueity ; 

The relationship between total colon length and crown- 
rump length is rectilinear. However, growth of the distal 
colon (primitive hind-gut) is distinctly greater (x 1:4) than 
that of the proximal colon. The splenic flexure and ileo- 
caecal junction both grow in a cranial direction but at 
differing rates, the splenic flexure being faster and com- 
parable with T10 (e., general somatic growth). Splenic 
flexure and ileo-caecal junction both migrate away from the 
midline during fetal growth. 

These findings challenge the conventional description of 
the caecum descending to the right iliac fossa from a sub- 
hepatic position. This would require more rapid growth 
in the proximal than in the distal colon. In fact growth 
is more rapid in the distal colon and causes the splenic 
flexure to grow more cranialwards than the ileo-caecal junc- 
tion, the two points becoming progressively further apart 
and causing the proximal colon to change from a transverse 
to an oblique form. The adult (ascending/transverse) form 
of colon depends on early adhesion between the mid-point of 
the proximal colon and the second part of the duodenum 
otherwise the oblique form of proximal colon persists. 


DETECTION OF SPREAD IN CARCINOMAS OF THE 


FEMALE GENITAL TRACT 
By H. Ngan 


General Hospital, Nottingham 


Forty-two female patients with a known carcinoma of the 
genital tract were studied because of symptoms suggestive 
of recurrence. Combined bilateral pedal lymphogram and 
intravenous urogram were performed on the majority of 
these patients. Bilateral venograms were also carried out in 
selected cases. It was found that lymphatic obstruction, 
the presence of filling defects in opacified lvmph-nodes, 
non-opacification of lymph-nodes in expected sites, com- 
pression or obstruction of the iliac veins and inferior vena 
cava, displacement of the ureters or bladder and ureteric 
obstruction were features which indicated recurrence. Of 
the 29 patients with spread of the tumour to the pelvic and/ 
or para-aortic lymph nodes, 18 have since died. Of the 13 
patients who were free of disease in the pelvic and para- 
aortic lymph-nodes, all but one are alive and well It is 
concluded that leg oedema, pain and the presence of an 
abdominal mass are features which suggest that there may 
be recurrence of the tumour. Furthermore, the prognosis 
in those patients who have radiological evidence of spread 
of the tumour to the pelvic and/or para-aortic lymph-nodes 
1s extremely grave. 


THE NEPHROGRAM 
By P. Davies 
City Hospital, Nottingham 


The nephrogram has been studied for many vears, Early 
studies showed that a 70 per cent contrast medium rapidly 
injected through a large bore needle outlined the renal 
arteries and renal parenchyma. Modern contrast media, 
disposable plastic syringes and large bore needles allow a 
nephrogram to be obtained in every case. The author's 
technique ts to inject 50 ml. of Conray 420 in less than 30 
seconds after which a film is exposed at a minute from 
the start of injection. This is an adequate dose. If the 
film is unsatisfactory, the fault can be remedied and a 
second injection given. Tomography is used if the renal 
areas are obscured and in cases of renal failure. The uro- 
gram must be tailored to solve the clinical problem on the 
first occasion the patient attends. It is important, especially 
in renal failure, to relate the appearances to those that have 
been described rather than to rely on theoretical predictions, 
Various forms of nephrogram can be distinguished; these 
are best referred to as being anatomical or descriptive terms 
such as cortical, medullar, diffuse, soap bubble or striated, 
etc. The evolution of the nephrogram is important in dif- 
ferentiating various conditions, especially acute calculous 
obstruction. The early nephrogram film at a minute after 
the start of injection is indicated in all cases. 


* 


SIGNIFICANCE OF CARCINO-EMBRYONIC 
ANTIGEN 


By A. M. Mackay 
Institute of Cancer Resarch: Royal Cancer Hospital 


Chester Beatty Research Institute 
Fulham Road, London SW3 67B 


The radio-immunoassay of plasma carcino-embryonic 
antigen (CEA) has been undertaken in manv patients with 
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of disease, although the plasma CEA is not always raised 
even if tumour is disseminated. However, there is an over- 
lap between the values found in patients with early or 
localized tumours, and patients with inflammatory or re- 
generative conditions (e.g. hepatitis, ulcerative colitis, bron- 
Jautis). As a screening procedure to detect early carcinoma, 
as à method of localizing the site of origin of the tumour, or 
as à means of distinguishing neoplastic and non-neoplastic 
conditions the CEA test has little value. However, in indi- 
vidual patients the initial level may be of prognostic 
significance and serial assays showing a steady increase may 
indicate metastatic disease before it is possible to detect 
it by other routine methods, This is particularly true of 
colonic carcinoma. It is also possible that the test may be 
used to monitor treatment. Therefore the test would seem 
to be of definite but limited value in the assessment of some 
aspects of the management of malignant disease. 





THE MEM TEST IN THE DIAGNOSIS AND PROGNOSIS 
OF MALIGNANT DISEASE 


By J. A, Pritchard 


_ Tenovus Laboratories 
Velindre Hospital, Velindre Road, Whitchurch 
Cardiff 


An in vitre test for the detection of malignant disease as 
reported by Field and Cuspary (1970) was confirmed 
(Pritchard et aL, 1972}. The positivity of a result in the 
ATEM test can be elevated by an increase in the number of 
test lymphocytes or by an increased radiation dose to the 
guinea-pig peritoneal exudate. An enhanced separation of 
MEM results from "control and cancer subjects was 
obtained by adopting a split incubation régime: The 
NTOD-MEM test. 

Preliminary results suggest that the MOD-MEM test 
may be of value in assessing immunological compatibility. 
Results of the MOD-MEM test in non-malignant disease 
wudicated that specificity for cancer was not maintained. 
Degenerative disease with possible nerve-tissue involve- 
ment produced results within the cancer range. Of 115 
vases studied, 13 non-cancer subjects gave positive results 
where sensitization could not be attributed to a specific 
cause, One of these cases has presented with clinically- 
diagnosed malignant disease six months after the original 
test. 

The MOD-MEM test may be of value in indicating the 
presence of tumour, providing localizing symptoms are 
present. Clinical evidence suggests that the test in its 
present form has little value as a prognostic test since the 
result from "positive" subjects does not vary before, during 
or after treatment, whether surgical or radiotherapy media- 
ted, 
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PROTEIN ANALYSIS IN THE DIAGNOSIS AND MONITORING 
OF MYELOMA AND MACROGLOBULINAEMIA 


By P. M. Carter 


Supraregional Protein Reference Unit 
Department of Chemical Pathology 
Westminster Hospital, London, S.W.1 


The average survival of patients with myelomatosis has 
greatly increased over the last 15 years due to better 
general management and to the introduction of alkylating 
agents and biochemical monitoring. Most plasmacytomata 
synthesize monoclonal proteins, and the detection of 
these proteins in serum and urine aids diagnosis and en- 
ables tumour monitoring. 

The synthesis of paraprotein by myeloma cells is fairly 
constant: for IgG it is 0-5 x 10-311—3-4 x 10-11 g /myeloma 
cell/dav (Salmon and Smith, 1970). Since paraprotein half- 
life can be calculated from the serum concentration (in 
Schultze and Heremans, 1966), total paraprotein synthesis 
can be calculated, allowing estimations to be made of tumour 
mass. Using serum paraprotein concentrations as reflections 
of tumour size, tumour growth and regression may be 
monitored (Hobbs, 1971). 

A good response to treatment is a 10-100-fold reduction 
in tumour size (Salmon, 1973), and estimations of para- 
protein levels and Bence-Jones proteinuria during treatment 
enable assessment of response. Many patients who initially 
respond, however, later relapse and alterations in parapro- 
tein levels may both precede clinical changes and also show 
the nature of the tumour escape (Hobbs, 1971). 

There are now available very many techniques of greater 
sensitivity for the detection of monoclonal proteins. It is by 
the application. of these techniques that monitoring of 
plasmacytomata will develop further. 
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URINARY HYDROXYPROLINE EXCRETION IN THE 
MONITORING OF CARCINOMA OF THE BREAST 


By Eva Lester 


Department of Chemical Pathology 
Royal Free Hospital 
Gray's Inn Road, London, W.C.1 


Urinary hydroxyproline excretion is a measure of collagen 
turnover, and is known to be increased in primary or secon- 
dary bone tumours. In advanced breast cancer with radio- 
logically demonstrable metastases urinary hydroxyproline 
excretion is almost always increased. It is also increased in 
some patients without radiologically demonstrated metas- 
tases. A long-term prospective study to compare the 
sensitivity of urinary hydroxyproline excretion, standard 
X ray and radiographs and radioisotope bone scatining in 
detecting those patients with carcinoma of the breast who 
already have metastatic bone disease at the time when they 
first present 1s in progress. 
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MONITORING OF NEUROBLASTOMA 
By Jane V. Bond 


Institute of Child Health 
Guildford Street, London, W.C.1 


Neuroblastoma is already a systemic disease in the majority 
of children by the time the diagnosis is made, and it is 
important that patients are fully investigated to assess the 
degree of spread before treatment is started. A full X-ray 
skeletal survey with adequate views of the skull together 
with bone-marrow biopsy and measurement of urinary 
vanillylmandelic acid (VMA) should be carried out initially. 
If possible a whole-body bone scan and full analysis of 
catecholamine excretion should also be done. 

The staging system of D'Angio and Evans (1971) is 
particularly useful since this puts into a separate category 
those infants with a primary tumour with a particular pat- 
tern of metastases to liver, skin and bone marrow associated 
with a good prognosis and requiring minimal treatment to 
initiate regression of disease. 

A raised level of urinary VMA is the most constant 
metabolic abnormality in patients with neuroblastoma 
and serial measurements provide a reliable method of 
assessing response to treatment (Liebner and Rosenthal, 
1973). In those patients who survive free of disease the 
VMA promptly returns to normal following treatment, 
whereas in those patients whose disease persists the VMA 
remains raised. 

The main sites of metastases in neuroblastoma are the 
bones and bone marrow. Repeat skeletal survey and bone- 
marrow biopsy should be done in the follow-up of treated 
patients. 

Disease-free survival remains less than 30 per cent, 
and if new methods of treatment are to be fully assessed, 
careful monitoring of both the metabolic activity of the 
tumour and its degree of metastatic spread are important. 
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ELECTRON SPIN RESONANCE AS A TECHNIQUE FOR 
MONITORING ACTIVITY AND RESPONSE TO THERAPY 
IN MALIGNANT DISEASES 


By Miss M. A. Foster 
University of Aberdeen 


Samples of whole blood have been collected from patients 
suffering from several types of malignant disease, ESR 
signals were observed in these, and in blood of normal 
controls. These signals appear to arise from transferrin 
(g~4-2) and from caeruloplasmin (g 2:049). 

It was found that there was little alteration in size of 
either signal in cases of breast cancer or of squamous 
cell carcinoma. Ín both these types of malignancy, non- 
specific response to treatment could be observed. Patients 
suffering from Hodgkin's disease showed definite patterns 
of change of signal size. During the inactive phase of the 
disease, the signals were almost undistinguishable from 
those of controls; but during active phase the size of the 
2:049 signal was elevated by over 100 per cent and the 


4-2 signal decreased in size. Such changes were less pronoun- 

ced for the other lymphomas. Size of 2-049 signal appears to 

be an indicator of the effectiveness of therapy, and there is 

some evidence that the increase in size of the 2-049 signal 

pt other signs of increasing activity in Hodgkin's 
isease. 


MONITORING OF CHORIOCARCINOMA 
By K. D. Bagshawe and P. A. M. Walden 
Charing Cross Hospital, London W.6 


Trophoblastic tumours encompass a spectrum of disease 
from the relatively benign hydatidiform mole through 
invasive mole to the highly malignant tumour, choriocar- 
cinoma. They possess certain unique features which set 
them apart from other forms of malignant disease. Since the 
trophoblast 1s a fetal tissue 1t contains a genetic contribution 
from the male parent and hence these tumours are allo- 
grafts generally occurring only in the maternal host. 
They also grow rapidly, disseminate widely via the blood 
stream to the lungs, vagina, liver, kidneys, gastro-intestinal 
tract and the brain; they are nevertheless almost always 
amenable to chemotherapy, provided the diagnosis is es- 
tablished before irreversible damage has occurred. The 
overall survival now stands at 81-5 per cent. 


Chorionic gonadotrophin (hCG) 

The use of radio-immunoassay (RIA) estimations of 
chorionic gonadotrophin has undoubtedly made the chief 
contribution to the curability of these tumours. 

Biological assays for detecting hCG were applied in the 
diagnosis of trophoblastic tumours during the 1930s. The 
estimation of mouse uterine weight was widely used up to 
about 1964, but since then, these less accurate methods 
have been completely superseded by radio-immunoassay 
of hCG in urine or plasma. 

In patients with choriocarcinoma and invasive mole, the 
amount of hormone produced is roughly proportional to the 
number of tumour cells present. ‘The average tumour cell 
has been estimated to produce between 5 « 107? and 5 « 10-5 
iu hCG/day, so that a patient excreting 1095 iu hCG/day in 
the urine has a total body burden of the order of 10!3 viable 
tumour cells. When the concentration of hCG is just suffi- 
cient to allow for detection of the tumour, it is estimated 
that there are still between 105-107 tumour cells present. 
Routine pregnancy tests generally detect only about 
109—10? tumour cells. 


a. and f sub-units of hCG 

Until recently the limit of detection for small amounts of 
hCG had been imposed by the cross reaction between hCG 
and luteinizing hormone (LH). It has now been shown that 
hCG and the other pituitary polypeptide hormones con- 
sist of two non-identical, non-covalently bound sub-units 
designated a and 8. The « sub-units of TSH, LH, FSH and 
hCG are similar whilst hormone specificity is thought to 
reside in the B sub-unit. By using an anti-serum raised 
against the B sub-unit, it is now possible to discriminate 
between hCG and LH and thus to determine the hCG 
concentration in urine in the presence of physiological LH 
levels. 


Effect of chemotherapy on hCG excretion 

A fall in hCG values follows the start of a course 
of chemotherapy after some two to six days and may 
continue for 5-18 days. The rate of fall bears a direct 
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relationship to the sensitivity of the tumour. There is 
usually a step-wise reduction in hCG values which, when 
plotted on a log scale, is seen to be consistent with the 
concept of fractional cell kill. 

"Treatment is continued so long as hCG can be detected. 
When gonadotrophin values are in the normal LH range 
(30-130 iu), it can be concluded that there are still approxi- 
mately 10° tumour cells present. In cases where hCG 
values have fallen exponentially, some indication of the 
minimum time required to reach "zero" number of cells 
can be obtained by extrapolation of the hCG production 
curve down to the theoretical one-cell level. 

Treatment is usually continued well beyond the “extra- 
polation zero” mark if the tumour had a long latent period 
before commencement of treatment, if there were large 
metastases or disease in critical sites such as the brain 
or liver and in those patients of blood group AB who have a 
relatively poor prognosis, 


Plasma: CSF hCG ratio and detection of intracranial 
metastases 

RIA allows the concentration of hCG to be measured in 
the CSF; there measurements have proved superior to other 
methods in the detection of metastases in the central 
nervous system. A plasma: CSF ratio of hCG of less than 
200:1 is strongly suggestive of intracranial disease. When 
the plasma concentration is falling rapidly, the plasma: 
CSF ratio may be temporarily disturbed due to the slow rate 
of diffusion of the hormone inte and out of the spinal fluid. 


Follow-up after hydatidiform mole 

RIA estimation of urinary hCG in a centralized follow-up 
service now facilitates the process of follow-up after a 
hvdatidiform. mole. It allows persistent trophoblastic ac- 
tivity to be accurately assessed, thus identifying those 
patients who may require chemotherapy for residual di- 
sease. With careful collection and interpretation of RIA 
estimates of urinary hCGm it has been possible to restrict 
the number of patients receiving chemotherapy to less than 
^ per cent. 


Apha-foetoprotein (AFP) 

AFP values are usually in the normal non-pregnant range 
in patients with hvdatidiform mole and choriocarcinoma, 
whereas in a normal pregnancy they areinvariably raised 
after the 12th week of gestation, 


Placental alkaline phosphatase 

A high level of hCG production together with a low 
level of placental alkaline phosphatase in the serum pro- 
vides suggestive but not conclusive evidence for the 
presence of a mole. 


Human placental lactogen (H PL) 

The serum concentration of HPL in patients with tro- 
phoblastic tumours is well below that of a normal pregnancy 
ef ten weeks duration. 


Radiographic studies 

(1) A chest X rav should be performed on all these patients. 
Invasive moles seldom produce more than two metas- 
tases. In general pulmonary metastases are an indication 
for treatment. 

(2) Pelvic arteriography plays an important part in the 
identification of local changes of trophoblastic neoplasia 
in the uterus and the extent of localized extra-uterine 
disease, particularly vaginal metastases. It is parti- 
cularly useful where all visible evidence of disease is 
lacking vet hCG levels are still raised. 


Non-gestational trophoblastic tumours 

These highly malignant tumours arise predominantly in 
the testes in the 18-40 age group. Although trophoblastic 
elements are often absent from the primary lesion, metas- 
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tases may consist mainly or exclusively of choriocarcinoma. 
Earlier diagnosis could be achieved if tests for hCG were 
more widely used in those age groups presenting with testi- 
cular swellings, abdominal masses, back pain, haemoptysis 
and lung opacities. The poor outlook in the treatment of 
these tumours is related to the fact that they are usually 
diagnosed when far-advanced. 


REPORT ON TREATMENT OF CANCER OF THE OVARIES 
By Tj. Kuipers 


Rotterdamsch Radio-Therapeutisch Instituut (R.R.T.1.) 
Rotterdam, the Netherlands 


A malignant ovarian tumour has been diagnosed in 373 
patients referred to the R.R.T.I. from January 1966 to 
June 1972. Serous ovarian carcinoma frequently occurred 
most (254 patients). The results in these patients are studied 
in detail after staging according to F.I.G.O. recommen- 
dations, 

Following surgery and post-operative radiotherapy, 
chemotherapy was started immediately in all patients with 
progressive disease and, after randomization, also in 50 per 
cent of the others. 

The three-vear survival in Stage II patients tended to be 
more favourable (20—40 per cent) following irradiation of 
the pelvis and the lumbo-aortic nodes than following radio- 
therapy restricted to the pelvic area. The dose should be 
5—6 krads. 

The five-year survival was 68 per cent for Stage I, 26 per 
cent for Stage H and nearly zero for Stages IH and IV, 
as well as for patients referred for treatment of a recurrence. 
In spite of whole-abdomen irradiation 50 per cent of the 
patients of the three groups last-mentioned were deceased 
within eight months; therefore chemotherapy should be 
preferred. 

The main problem in ovarian cancer is the late diagnosis. 
Evaluation of results is difficult because numerous variable 
factors concerning pathology and treatment force to sub- 
divide in groups too small for statistically reliable con- 
clusions. Each treatment factor should be studied by a group 
of hospitals. 


ADVANCES IN THE TREATMENT OF MALIGNANT 
DISEASE IN CHILDREN 


Dorothy Pearson 


Christie Hospital and Holt Radium Institute, 
Withington, Manchester M20 9B X 


The management of children with malignant disease has 
changed, principally by the introduction of chemotherapy 
used prophylactically to try to improve survival, 

Four tumour groups are used to show the improvement 
in survival which has occurred, 

The addition of B.C. N.U. and Vincristine in the manage- 
ment of medulloblastoma, ependymoma, and malignant 
astrocytoma gives encouraging preliminary results in that 
of 11 patients at a year or more from diagnosis, only one 
has died and he of a brain haemorrhage. In the same 
time interval in the past at least 54 per cent would have died. 
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The embryonic sarcomas of soft tissue also show im- 
provement since the introduction of chemotherapy, parti- 
cularly multiple drugs, so that in certain sites, such as the 
bladder, patients have survived whom previously would have 
died. ! 

It is recognized that the addition of Actinomycin D in the 
management of children with Wilm's tumour gave better 
results, raising a 29 per cent survival to 59 per cent. Recent 
trials have shown an improvement in this when using a very 


intensive course of Vincristine or when combining Actino- 
mycin D and Vincristine. Another important feature in 
Manchester was the centralization of surgery, which changed 
the survival from 30 to 60 per cent. 

Finally, Ewing's tumour of bone has shown improved 
survival by adding Vincristine and Cyclophosphamide to the 
management. There being a difference in survival at three 
vears. Before chemotherapy the survival was 15 per cent 
and with chemotherapy 1s 68 per cent. 
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Tug EDITOR- SIR, 

EVALUATION OF A New BcerReEN/FiLM COMBINATION 

Evans et al. (1975) have investigated the Trimax system 
of rare-earth screens and green-sensitive films by measuring 
relative sensitivities, y values and "contrast transfer func- 
tions", Their main conclusion is that “The Trimax system 
offers the possibility of reducing exposures for the majority 
of diagnostic X-ray examinations by factors of about 4 
wethout a reduction in the quality of the image" (my italics). 

However, the quality of the radiographic image depends, 
in addition to the factors mentioned above, on its displayed 
noise, This noise is not measured by any determination of 
contrast transfer function (Hay, 1969). Therefore, although 
their main conclusion might perhaps be true, | consider that 
it 1$ not supported by their measurements, and I believe the 
statement to be potentially misleading to clinical users. 

Radiographic noise is compounded of X-ray quantum 
noe, screen structure noise and film emulsion noise. 
Reducing the X-ray dose by a factor of 4 increases the rela- 
tive quantum noise inherent in the X-ray beam incident on 
the cassette by a factor of 2. Though this deterioration 
might be reduced by greater fractional absorption in the 
new screens, the situation is complex (Stevels, 1975), and 
the properties of the new materials might well result in an 
increase in the levels of screen structure noise and of film 
emulsion noise. 

Predictions of image quality based solely on objective 
measurements are inevitably uncertain, but until adequate 
measurements of noise are made on the new system (a diffi- 
cult task), the conclusion of Evans et al, (1975) will be even 
more uncertain. 

Yours, etc., 
G. A. Hav. 
Department of Medical Physics, 
University of Leeds, 
Leeds LS13EX. 
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Tug Epnrrong—51in, 

Aw INVESTIGATION OF THE PHARMACOLOGICAL AND RADIO- 
SENSITIZING EFFECTS OF THE 2-NITROIMIDAZOLE R0-07-0582 
IN PRIMATES 
. À study using primates is in progress at Roswell Park 
Mlemorial Institute, Buffalo, New York, in conjunction with 
Dr. G. Adams of the Gray Laboratory, Middlesex, England, 
to determine the maximum radiosensitizing effect of Roche— 
07-0382 [1-(2-nitro-1-imidazoyl)-3—methoxy-2-propanol] 
that can be obtained with an acceptable drug dose level in 
order to determine the feasibility of a phase I clinical study 
(Asquith et al, 19741. It is considered that for a single dose 
an enhancement ratio of 1:5 for hypoxic skin is necessary 

for a successful phase I clinical study. 

Stumptail monkeys weighing 10-15 kg, maintained in our 
Springville primate colony, were used for the experiment. 
in view of the known variation of absorption of this drug 
when given by mouth, intravenous administration was used. 





Blood serum concentrations were measured by a polaro- 
graphic technique (DeSilva, Munno and Strojny, 1970). 
For toxicological studies autopsies were performed and, in 
view of the reported damage to Purkinje cells in dogs 
(Scharer, 1972), the brains were submitted to a neuropathol- 
ogist for histological examination. 

In preliminary toxicological studies, a drug dose of 800 
mg/kg caused intermittent convulsions and death of the 
animal within three days after administration of the drug. 
The autopsy showed no abnormal findings. Brain histology 
is not yet available. 

Enhancement by the radiosensitizer was investigated 
using a special clamp which provided hypoxic areas of skin 
for irradiation with a range of doses from 3,000-5,000 rads 
using 6 MeV X rays. Hypoxia was ensured by clamping the 
skin 15 minutes prior to irradiation. Skin flaps from the 
lumbar region of the back were used in all experiments and 
these areas were shaved before irradiation. On one side of 
the monkey, three clamped test areas and an unclamped area 
were irradiated before injection of the drug and identical 
areas were irradiated on the other side one hour after an 
intravenous dose of 07-0582. Ratios of enhancement were 
calculated by comparing (visually) the response of the skin 
to the radiation on the two sides of the monkey. To simulate 
a possible clinical programme, enhancement ratios were 
obtained at the beginning and at the end of a course of 
07-0582 given twice weekly over a three-week period. The 
results shown in Table I indicate that the one-hour blood 
serum concentration of the drug is directly related to the 
dose of drug administered when it had not been previously 
administered to the animal. If the drug was administered 
twice weekly for a three-week period, one-hour serum levels 
at the end of the three-week period were found to be one- 
quarter of the value obtained for the initial dose of the drug, 
suggesting that the drug is possibly causing enzyme induc- 
tion which may degrade subsequent doses of the drug. 
Animals 3 and 4 also exhibited evidence of possible enzyme 
induction following weekly dosages of 07-0582. 

Enhancement ratios for clamped skin correlated well with 
the serum concentration of the drug and exhibited values 
of 1:3 for 100 mg/kg and 1-6 for 200 mg/kg of the adminis- 
tered drug. Animal 5, which was given twice weekly injec- 
tions of 100 mg/kg, resulting in low serum levels for the last 
drug injection, showed an enhancement of only 1:1 for the 
last administration of the drug. No effect of the sensitizer 
on well-oxygenated skin was observed in these experiments. 
These preliminary results suggest that enhancement ratios 
of 1:5 may be obtained with serum drug levels of 200 ug/ml, 
which future toxicological studies may show to be accept- 
able (clinically). 

Enzyme induction may, however, decrease the effective- 
ness of the drug which would exclude frequently repeated 
doses of the drug unless the drug dosage can be increased 
without causing increased toxicity. It is possible, however, 
that a single dose of the drug may be insufficient to cause 
persistent enzyme induction, in which case the sensitizer 
might be used in conjunction with the first and last doses of 
a course of radiation. 

Yours, etc., 
R. JOHNSON, 
C. GOMER, 
J. AMBRUS, 
J. PEARCE, 
D. Bove. 
Roswell Park Memorial Institute, 
666 Elm Street, 
Buffalo, New York 14263. 
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TABLE I 
ENHANCEMENT RATIOS OF Ro~-07-0582 








Previously 
administered Drug dose on Drug serum level 
Ro-07-0582 day of irradiation (1 h after injection) 
Monkey number (mg/kg) (mg/kg) (ug/ml.) Enhancement 
1 none 100 160 1-3 | 
2 none 200 310 1-6 | 
3 | 50 (Day 0) 75 
100 (Day 7) 110 
200 (Day 14) 140 1-4 
4 50 (Day 0) 110 
100 (Day 7) 110 
200 (Day 14) 230 
400 (Day 21) 310 1:7 
5 100 (Day 0) 160 1:3 
100 (Day 3) 
100 (Day 7) 
100 (Day 10) | 
100 (Day 14) 70 | 
100 (Day 17) 
100 (Day 21) | 
100 (Day 24) 40 | 
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THE EDITOR—SIR, 
THe LYMPHOCYTE RESPONSE TO PHYTOHAEMAGGLUTININ 
AFTER “IN VITRO" IRRADIATION 

Song and Levitt (1975) have commented that Braeman 
and Moore (1974) showed a greater degree of suppression 
by radiation of the phytohaemagglutinin (PHA) stimula- 
tion of human lymphocytes than is found by other authors. 
Thus, they had found no effect from a dose of 1,000 rads to 
rat lymphocytes, whereas Braeman and Moore had re- 
ported a transformation index reduced to 25 per cent of 
normal after 800 rads to human lymphocytes when using 
a morphological index of transformation. 


Among the authors quoted by Song and Levitt (1975) 
were Ilbery et al. (1971) whose transformation index is 
based upon scintillation counting of the uptake of ?H- 
thymidine by lymphocytes from buffy coat preparations of 
human blood cultured for 72 hours after PHA stimulation 
after irradiation. 

We have used a modification of their technique (includ- 
ing a ficoll-hypaque gradient procedure which separates 
more than 90 per cent lymphocytes from human blood) 
and we find an exponential dose-response curve for 99Co 
y irradiation. After 1,000 rads the transformation index is 
reduced to 37 per cent, comparable to the value of 28 per 
cent found by Ilbery et al, (1971) for that dose. 

Braeman and Moore (1974) use a different technique, 


: of course, but these three sets of data with human lym- 


phocytes show a significant radiation response which 
is quite different from the observations quoted by Song 
and Levitt (1975) with rat lymphocytes. 
Yours, etc., 
H. M. A. YOSEF, 
A. H. W. Naas. 

Glasgow Institute of Radiotherapeutics, 
Belvidere Hospital, 
Glasgow G31 4PG 
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Tur Eprron— Sin, 
WHICH? ON RADIATION 
Dr. Saxton's comments on the necessity for continual 
education of clinicians and indeed of staff in X-ray depart- 
ments is timely. In an investigation we carried out in this 
department (McCreath et al., 1975) we found TN 4-5 per 
cent of all females of childbearing age and 2-4 per cent 
of those referred for examinations including the pelvis 
appeared to be at risk of pregnancy at the time of request. 
We agree that the problem cannot be solved by "crisp, 
once for all action" but requires continuous vigilance. 
Your readers may therefore be interested in one part of our 
attempted solution to this problem of continuing education. 
In addition to including a "ten-day rule" section on the 
front of the request card we include on the reverse of the 
request card abbreviated reminders of the clinically im- 
portant sections of the Code of Practice and in particular re- 
mund the clinician of his responsibility for observing the 
"ten-day rule" (Fig. 1). We cannot claim this to be infallible 
but at least no clinician can say that he was unaware of the 
procedure or had forgotten the details. 
Yours, etc., 
W. B. James, 
G. McCREATH. 
Department of Radiology, 
Southern General Hospital, 
Glasgow, 5,W.1. 
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DEPARTMENT OF RADIOLOGY—SOUTHERN GENERAL HOSPITAL—EXAMINATION REQUEST 


This Department would be grateful for your co-operation, particularly HISTORY (continued) : 
it the following areas : 


CODE OF PRACTICE--Exposure to ionising radiations: The clinician 
requesting the X-ray examination must satisfy himself that it is necessary 
and that it has not already been carried out either at this hospital or 
elsewhere. He should state the indication for the examination and the 
information required. Any doubt as to the necessity for examination 
should be resolved by consultation with a radiologist. 


Each request for examination must be signed by a medical practitioner. 
it is essential that the request is properly completed. In particular, date 
of birth and unit number must be given and the mode of patient trans- 
port clearly indicated. 





Any previous films should accompany in-patients to the department 
when referred for further examination. 





| Requests for ward and theatre examinations should be kept to a 
| minimum, as should requests Outwith normal working hours. 


| Émergency examinations such as barium meal, enema, LV.P., arterio- 
| araphy are carried out only after consultation. 


| 10 DAY RULE-—in all women of reproductive capacity the clinician 
. $&hauld consider the possibility of an early stage of pregnancy and must 
| enter the date of 1st day LMP, H pregnancy is possible the examination 
| wil be deferred uniess the referring clinician indicates " Not Applicable " 

| (&.g. menopause, hysterectomy) or " Urgent-Exempt" in the space 
| provided—see front of card. 
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THe Eprror-—Sir, 
MATHEMATICAL REPRESENTATION OF MEGAVOLTAGE 
"TELETHERAPY BEAMS 

The publication in the September issue of this journal of 
three consecutive papers (Wilkinson and Redmond, 1975; 
Kornelson and Young, 1975; Thomas and Haybittle, 1975) 
using empirical formulae to represent megavoltage tele- 
therapy beams prompts us to raise some criticisms of this 
method and to suggest an alternative which differs both 
from empirical formulae and from methods requiring the 
storage of large quantities of data on the dose distribution 
in many beams (for example Milan and Bentley, 1974). 

In the method of empirical formulae, mathematical 
functions are proposed which model megavoltage beams 
in such a way that the number of adjustable parameters 1s 
minimized. The values of most of the parameters appro- 
priate to a given treatment machine must be determined by 
comparison of the model with dose measurements at special 
points in the beam. A set of values is chosen for the para- 
meters as a first approximation and the doses at the special 
points are calculated using the empirical formulae. The 
calculated doses are compared with the measured doses and 
the values of the parameters are adjusted. The process is 
repeated to find better approximations to the best set of 
values of the parameters. 

'This method of representing megavoltage beams leads to 
limitations: 


(1) Because the formulae are chosen empirically rather than 
on strictly physical grounds, the range of validity is 
indeterminate. It is always uncertain whether formulae 
used for one machine will give an acceptable fit to the 
measured doses over the whole operating range of a 
similar but different machine. Extensive checking is 
therefore required, which calls for more data on dose 
distribution in the beam than would appear necessary 
at first glance. 


(2) Functions which are chosen so as to minimize the 
number of adjustable parameters lead to expressions 
which cannot be evaluated quickly in a computer pro- 
gram. For example exponentials and non-integral expon- 
ents take longer to evaluate than the interpolations used 
in the beam data storage methods. 


(3) The parameters are of no interest in themselves. Their 
determination is an unnecessary stage between the 
measurement of dose at selected points and the com- 
putation of dose at other points in the beam. The 
empirical formulae impose on the calculated doses a 
certain form which may or may not correspond with 
reality. The relationship between measured and cal- 
culated doses is thus less direct. 


These limitations can be avoided by using a system of 
representation based on known approximations to the 
radiation physics of megavoltage beams, which derives cal- 
culated doses by minimal computation from a small set of 
dose measurements which completely characterize a treat- 
ment machine. 

Such a system has been developed at Sheffield from pre- 
vious work in this field (Day, 1950; Jayaraman, 1970) as an 
alternative to beam data storage and empirical formulae. 
The radiation physics is rigorous apart from easily verified 
approximations. On this system, the measurements which 
competely characterize a treatment machine are: 

(1) dose versus depth and field size (typically 80 points); 
(2) penumbra profile (20 points); 
(3) profiles of any wedges used (20 points/wedge). 

The method uses the measured data to calculate the dose 
distribution directly. The calculation can be rapidly exe- 
cuted by computer using little more than linear interpola- 
tion. A program has been written which successfully tests 
the method and another program suitable for routine plan- 


ning has been written around a Computer Display Terminal 
with Graphics Tablet. Both programs are in FORTRAN, 
Yours, etc., 
J. K. Havwoon, 
C. K. BOMFORD. 
Medical Physics Department, 
Weston Park Hospital, 
Whitham Road, 
Sheffield $10 25] 
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THE EpirroR-—51R, 
TECHNETIUM BONE-SCANNING COMPLEXES 

The recent review of bone-scanning reagents by Merrick 
(1975) raises a number of points with regard to technetium 
polyphosphate complexes which are open to discussion. 
Whilst it is reported that phosphates labelled with ?*P or 
chelated with ?!Cr localize in bone, the fact that °!Cr 
phosphate chelates accumulate in bone to a greater extent 
than non-chelated phosphates is overlooked (Anghiler: and 
Miller, 1971). This phenomenon suggests that the presence 
of Chromium enhances the bone-seeking capacity of such 
compounds, a fact which is not surprising since most heavy 
metals accumulate in the skeleton. 

Work in our laboratories (Cox, 1974) has clearly demon- 
strated that technetium complexed with stannous chloride 
or titanium chloride localizes in bone in the absence of che- 
lating agents, phosphate or otherwise. It is therefore most 
likely that in all of these technetium compounds, bone 
localization is due to an inherent bone-seeking capacity of 
the technetium tin complex, which is probably related to the 
bone localization of heavy metals. 

Our experiments suggest that the function of the various 
polyphosphates lies in the prevention of particulate colloid 
(technetium tin oxide) formation, which is reflected in the 
degree of RES uptake, hence the observed liver, spleen and 
marrow activity, probably by preventing oxidation beyond 
the technetium (v) state. Technetium (v) complexes are 
readily excreted in the urine (Yeh and Kriss, 1967), which 
could account for the low tissue background observed with 
pyrophosphate, diphosphonates and hexametaphosphate, 
all compounds with a strong chelating effect. In support of 
this, we have observed that if one passes technetium poly- 
phosphate (Diagnostic Isotopes Inc.) reagent, which nor- 
mally has a high RES component, over a 10 nM filter im- 
mediately prior to injection, the RES uptake is almost com- 
pletely eliminated and similar uptake patterns are obtained 
to those of pyrophosphate and diphosphonate. 

It is our opinion that the choice of reagent should be re- 
lated to the type of lesion. When seeking malignancy, it 
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should be borne in mind that the majority of skeletal metas- 
tases originate in the bone marrow. In patients with known 
primary malignancy, negative X rays, but skeletal localized 
psin, we have obtained a diagnostic accuracy for metastases 
in excess of 90 per cent by using a polyphosphate complex 
with a significant bone marrow uptake (Polyphosphate- 
Diagnostic Isotopes Inc.). Many of these lesions are visu- 
abzed six months and more before they are detectable by 
other means. 

Similarly by using a bone specific reagent (Pyrophosphate 
BYK-Mallinckrodt) it has been possible to quantitatively 
evaluate the rate of ectopic bone formation following 
trauma. Clearly there are many things still to be learned re- 
garding the nature of these various complexes and their 
application to clinical situations, but it is our belief that the 
view stated above best fits the known facts and that on this 
basis optimal interpretation. of clinical situations can be 
made. 

Yours, etc., 
P. H. Cox. 
Department of Nuclear Medicine, 
Rotterdamsch Radio- Therapeutisch Instituut, 
Groene Hilledijk 297, 
Rotterdam, The Netherlands. 
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Tur Eprror—-Sir, 

DOSIMETRY Or THE Fast NEUTRON Bram PRODUCED 

BY THE MRC CYCLOTRON 

The fast neutron beam produced by the Medical Re- 
search Councils cyclotron at Hammersmith Hospital, 
London, has been in use for radiotherapy since 1966 and 
for radiobiology for several years previous to that date. 
Since the inception of the fast neutron beam at Hammer- 
smith we have been concerned particularly with maintain- 
ing reproducible and internally consistent dosimetry, with 
the knowledge that the absolute accuracy with which the 
accepted unit of absorbed dose, the rad, could be realized 
was poor. However, the imcreasing use of fast neutrons for 
radiotherapy demands that all centres should have a com- 
mon basis for neutron dosimetry. Since no standardizing 
laboratory currently offers a calibration service for fast 
neutron beams, further efforts have been devoted to im- 
proving the accuracy of fast neutron dosimetry both at 
Hammersmith (e.g. Bewley et al, 1974) and elsewhere, 
while physicists from Glasgow, Manchester, Houston and 
Washington, D.C., have visited Hammersmith to carry out 
intercomparisons. These measurements have indicated that 
the “Harmmersmith’ rad of neutrons represented 108 ergs/ 
g. Consequently, from January 1, 1975, fast neutron dosi- 
metry at Hammersmith was revised by 8 per cent to obtain 
better consistency between the various centres. The dose 
preseribed for radiotherapy is now typically 1,560 rads 
given in 12 treatments in 26 days instead of 1,440 rads as 
prescribed previousiy. It must, however, be emphasized 
that this does not result im an increase in the amount of 
radiation received by the patient. Also, all values of RBE 


cited heretofore should be reduced by 8 per cent to bring 
them into accord with current dosimetry. 

Confusion can sometimes arise because some centres 
quote only the dose due to neutrons and ignore the dose due 
to the accompanying y radiation (e.g. Hammersmith) 
while other centres quote the total dose obtained by a 
simple addition of the dose due to the two components. 
For the irradiation of biological materials neither approach 
is strictly correct, the effective dose probably lving between 
these two extremes, owing to the different biological proper- 
ties of the two types of radiation. 'The best procedure is 
to record separately both components of the total dose, 

Yours, etc., 
C., J. PARNELL, 
D. K. BEWLEY. 
MRC Cyclotron Unit, 
Hammersmith Hospital, 
Ducane Road, 
London W12 0HS. 


REFERENCE 
Bew.ey, D. K., McCuLLoucH, E. C., Pace, B. C., and 
SAKATA, 5., 1974. Neutron dosimetry with a calorimeter, 
Physics in Medicine and Biology, 19, 831—842. 


THE Eprror-——Sir, 
THE ''SgLr-REPonTING RADIOGRAPH” 

With reference to the letter from Rubem Pochaczevsky 
in THe BRITISH JOURNAL or RADIOLOGY, 48, 65, I suggest the 
writer and others requiring quick, easily made small prints 
of radiographs try using a Polaroid camera. For many years I 
have been producing in a few minutes prints of quality 
good enough for reproduction in medical journals using a 
vintage Polaroid equipped with a close-up lens kit. The 
ideal set-up is to have the camera mounted on a rail ad- 
justable for distance and always centred on the middle of 
the film illuminator, and mark the rail to show area of 
coverage and camera focal settings. However the tape pro- 
vided with the lens kit and a pile of Journals is a workable 
substitute. These old cameras can be picked up cheaply 
from photographic stores and, if the results should not be 
satisfactory, they will be welcomed by the children. I find 
the makers recommended 10-second processing time is 
better lengthened to 45 seconds. Perhaps this is something 
to do with being in the southern hemisphere. 

Yours, etc., 
G. L. HARDMAN. 
26 Spring Gully Road, 
Bendigo, Victoria 3550, 
Australia. 


THe Eprror—-Sir, 
SHOULD WE REPORT Every FILM? 

You ask in vour editoral whether the radiologist must 
report every film. It would be more pertinent to ask whether 
he is physically capable of reporting every film. The present 
shortage of radiologists is likely to continue because of 
diminishing recruitment, emigration, increasing quantita- 
tive demands, widening horizons and expanding adminis- 
trative duties. A desirable standard of radiology cannot be 
maintained with a workload in excess of 5-12,000 examina- 
tions per year, depending on the type of practice concerned. 
Most radiologists’ workload is at least half as high again. 

What is to be done? The importance of efficient depart- 
mental organization is obvious. It is tempting to delegate 
or ignore administrative work, but this is a shortsighted 
policy. Departmental administration must remain firmly in 
the hands of radiologists. We are not likely to reduce the 
total number of examinations performed, though the an- 
nual increase reported by many departments should not be 
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accepted at face value. With a free service, demand will 

always rise to absorb all the resources available. It is part of 

the purview of the radiologist to monitor and to resist un- 
warranted increases in demand. 

The only practical approach is to ration film reporting. 
'Three groups of radiological examinations can be identified. 
(1) Routine examinations for consultants who are competent 

to interpret them without the assistance of the con- 
sultant radiologist. 

(2) Routine examinations for non-specialists, such as general 
practitioners or casualty officers. 

(3) Special examinations, including contrast examinations 
and other procedures specifically undertaken or con- 
trolled by the radiologist. 

It would be in the interests of the patient if the radiolo- 
gist's limited time was not spent in the routine reporting of 
group (1) examinations such as those originating in hospital 
out-patient clinics and from in-patients being investigated 
and treated in hospitals in which there is a full-time consul- 
tant radiologist cover. Examinations initiated through the 
open service must be reported. Some relief from casualty 
reporting is possible if only those cases interpreted by the 
casualty officers as normal are subsequently referred back 
for a report. Such an approach could release the consultant 
radiologist from up to 40 per cent of his reporting duties. 
This time might be used to increase the number of special 
examinations undertaken, or increase his availability for 
consultations in the radiology department and on the ward. 
'These consultations would result in a recorded opinion on 
examinations already performed. 

There are many advantages: a greater throughput in 
departments whose workload is now restricted by the capac- 
ity of the radiologist to report, more time for consultations 
with clinicians about patients with particular problems, and 
more effective use of radiological resources as the result of 


consultation before examinations are initiated. This 
scheme would have no place in departments training radi- 
ologists. There are two particular disadvantages. Routine 
films sent to specialists or their junior staff might be misin- 
terpreted, to the detriment of the patient. Against this must 
be weighed the cases presently interpreted incorrectly by 
the radiologist as a direct result of the reporting workload. 
The other problem is that of quality control. There may be 
a diminution in the quality of examinations which are not 
routinely seen by the radiologist. This should be prevented 
by placing an increased responsibility for quality control on 
senior radiographers. The concept of allowing some exam- 
inations to go through the department without a report is 
not radical. Ít already happens in some departments, either 
by choice or by necessity. There should be no concern at the 
legal implication. The crucial question is “What is the most 
responsible way to manage the limited resource of radio- 
logical facilities?” 

In summary, you have highlighted the main problem 
resulting from a shortage of diagnostic radiologists. The 
only logical solution to the short-term problem is to stop 
reporting routine radiological examinations performed at 
the request of a clinician competent to interpret the ex- 
amination for himself. Such a re-organization of the radi- 
ologist’s work pattern would allow for an increase in the 
volume of special examinations that he undertakes, and 
would increase his availability for consultations on the ward 
and in the department. 


Yours, etc., 
MICHAEL I]. BRINDLE. 


Department of Radiology, 
West Norfolk and King’s Lynn General Hospital, 
London Road, Kings Lynn, Norfolk PE30 5QD. 
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The editors have decided that owing to the extreme shortage of space in the British Journal of Radiology, the 
"Forthcoming events and other notices" section will in future only carry notices of general interest and 
meetings announcements specifically connected with The British Institute of Radiology and its associated 
bodies, Members, however, will be receiving future meetings announcements in the B/R BULLETIN which is 


distributed quarterly to all members. 


Barrian NUCLEAR MEDICINE SOCIETY ANNUAL MEETING 

With the Hospital Physicists Association, is to be held on 
March 25-26, 1976, at the University of London Students 
Union, Malet Street, London, W.C.1. 

Further information from Dr. D. N. Croft, Department 
Bu UEM Medicine, St. Thomas’ Hospital, London SE1 
TEH. 


ANNUAL CONGRESS AND SctENTIFIC EXHIBITION 
To be held on April 8-9, 1976 at the University College, 
London. For information and registration please contact 
the General Secretary, British Institute of Radiology, 32 
Welbeck Street, London WIM 7PG. 


RanioLoGv OF VISCERAL VENOUS OBSTRUCTION 
The Mackenzie Davidson Memorial Lecture, by Dr. M. 
Viamonte, Director of Radiology, University of Miami, 
School of Medicine, to be given at the University College, 
London, April 8, 1976. 


INSTITUTE or Acoustics SPRING CONFERENCE 1976 

To be held at Engineering and Science Building, Liver- 
pool Polytechnic, Byrom Street, Liverpool 3, April 12-14, 
1970, 

Contributions are invited and should be submitted to 
Dr. R. Lawrence, Principal Lecturer, Acoustics Group, 
Physics Department, Liverpool Polytechnic. 

Further information and registration from The Secre- 
tary, Institute of Acoustics, 47 Belgrave Square, London 
SWIX BOX. 


MEDCAL IDuacss: FORMATION, PERCEPTION AND 
MEASUREMENT 

The Seventh L. H. Gray Conference, which will be 
concerned with the fundamentals of medical images, 
will be held at the University of Leeds, England, on 
April 13-15, 1976. 

Address for further information: Dr. M. J. Day, Regional 
Medical Physics Department, Newcastle General Hospital, 
Newcastle upon Tyne NE4 6BE, England. 


The following meeting is to be held at the British Institute 
of Radiology, Institute House, 32 Welbeck Street, London 
WEM 7PG. 


THe Use or HYPERTHERMIA AND NoN-IoNIZING RADIATION 
IN THE TREATMENT Or Cancer, May 21, 1976 
Further information from the General Secretary ; address 
as above. 


POSTGRADUATE Course IN TOMOGRAPHY OF THE TEMPORAL 
BONE 
To be held in Copenhagen, June 3-4, 1976. The course is 
sponsored by the LER., the A.E.R. and the Scandinavian 
Association of Radiologists, and will be directed by Dr. 
Sam Brünner, president of the Congress. 
For further information and registration, please contact 





Dr. Paul E, Andersen, Department of Radiology, Univer- 
sity Hospital, 5000 Odense, Denmark. 


HEALTH Puvsics SUMMER SCHOOL 
The 17th annual Summer School in Health Physics 
(Radiation Protection) will be held at Imperial College 
from June 21, to July 2, 1976. 
Initial enquiries should be sent to Dr. H. D. Evans, 
Department of Chemical Engineering, Imperial College, 
London SW7 2AZ. 


Breast: NoN-CaNcEROUS DISEASES 

To be held in Strasbourg, France, June 30-]uly 3. 1976, 
The 4th International symposium on Senology, under the 
auspices of the European Association of Radiology; 
includes study-groups with invited lectures and methods, 
mastopathies and lactation; proffered papers on topics 
covered by the above three study-groups and additionally ; 
infections, malformations, breast pathology, computer 
analysis, comparative psychology and breast functions; a 
scientific exhibition and a technical exhibition. 

The symposium will be preceded by postgraduate 
teach-ins, on June 28, 29, ultrasonography (by Société 
Française d'Echographie) on June 29, thermology (Euro- 
pean Thermographie Association) and on June 29, xero- 
graphy. 

Apart from the postgraduate teach-ins, there will be 
simultaneous translation in the official languages of the 
symposium ~ English, French and German. 

Further information from Symposium Sénologie 1976, 
Professor Charles Gros, Palais des Congrés, 67000 
Strasbourg, France. 


COMPUTERS IN RADIOTHERAPY IN EUROPE 

It is proposed to hold a Workshop at IAEA, Vienna, on 
July 3-10, 1976, organized by the Groupe Informatique, 
A.E.R. with the support of the European Association of 
Radiology. The aim will be to establish the contribution 
that the computer makes at the clinical level in the fields of 
dose computation, clinical records, radiobiology, etc., and 
to determine future development. 

Further information from Dr. D. N. Edwards, Clinical 
Research Unit, Mersey Regional Centre for Radiotherapy 
and Oncology, Clatterbridge Hospital, Bebington, Wirral, 
Merseyside L63 4JY, U.K.; or Dr. T. Moller, Radio- 
terapikliniken, Lasarettet, S-221 85 Lund, Sweden. 


First MggTING OF THE WORLD FEDERATION 
OF ULTRASOUND IN MEDICINE AND BioLocGv 

This meeting, to be held August 3-7, 1976 in San 
Francisco is the third world congress on ultrasonics in 
medicine. 

Reduced registration fees are payable by members of the 
international sub-group of the British Medical Ultrasonics 
Group. 

Further information from: Ist W.F.U.M.B., PO Bex 
25606, Oklahoma City, Oklahoma 73125, U.S.A. 

For information above B.M.U.G. contact the General 
Secretary, B.I.R., 32 Welbeck Street, London WIM 7PG. 
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RTH CONGRESS OF THE SOCIETY OF HUNGARIAN RADIOLOGISTS 
AND 
12TH ANNUAL MEETING OF THE EUROPEAN SOCIETY FOR 
RADIATION BIOLOGY 
To be held in Budapest, Hungary, October 19—22, 1976. 
For further information please contact the Congress 
Office (H-1361 Budapest, PO Box 32, Hungary). 


RADIATION PROTECTION: AN EXAMPLE OF ACTION AGAINST 
MODERN HAZARDS 

The I.R.P.A. is organizing its 4th International Congress 
at the Paris Convention Centre from April 24-30, 1977. 

'The theme will cover scientific, health and technological 
aspects, protection of workers and protection of the public 
and the environment. | 

For further information please contact M. G. Bresson, 
Secrétaire-Général du IVéme Congres International de 
PI.R.P.A., B.P. no. 33, 92260 Fontenay-aux-Roses, France. 


Book reviews 


Efficiency and Limits of Radiologic Examination of the 
Pancreas. Edited by Herman Anacker, pp. 276, 1975 
(Stuttgart, Georg Thieme), DM68. 

A most successfully edited collection of papers read at the 
Symposium Radiologicum Pancreatis held in Munich in 
1973. Obviously not all the 46 papers are of great merit. 
Among the most valuable are the radiological anatomy of 
the pancreas by Professor Anacker, a contribution on the 
value and limitations of the examinations of the gastro- 
intestinal tract in pancreatic disease by Professor Swart, 
hypotonic duodenography in the diagnosis of pancreatic 
disease by Professor Gerhardt and papers on pancreatic 
angiography by Dr. Tylen, by Dr. Reuter and by Drs. 
Résch and Holman. 

Retrograde pancreatography is well dealt with in several 
papers grouped together with Dr. Kreel’s most relevant 
account of the variations of the pancreatic duct normally 
found in old age. 

Three separate résumés present important conclusions, 
and indicate the most suitable technique or combination of 
techniques for use in an individual case of pancreatic disease. 

"This is a most valuable up-to-date account of all that can 
radiologically be done in the diagnosis of pancreatic disease 
and is a "must" for every major clinical and radiological 
department. 

H. HERLINGER. 


Fibre-Optic Endoscopy. By P. R. Salmon, pp. 237, 1974 
(Pitmans Medical Publishing Co. Ltd), 44:50. 

'This modestly priced paperback is not a treatise on endo- 
scopic pathology, and does not set out to discuss the place of 
gastro-intestinal endoscopy in the management of disease. 
It is described in its preface as an authoritative account 
of the paraphernalia surrounding endoscopy. It is essen- 
tially a practical manual, from which the apprentice endo- 
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Hypoxic CELL SENSITIZERS IN RADIOBIOLOGY AND 
RADIOTHERAPY 

The 8th L. H. Gray Conference will be held in St. 
Catherine's College, Cambridge, on September 5-9, 1977, 
and will discuss subjects ranging from basic mechanisms of 
hypoxic cell sensitizers to clinical applications of these 
agents. 

Further information may be obtained from Dr. G. E. 
Adams, C.R.C. Gray Laboratory, Mount Vernon Hospital, 
Northwood, Middlesex HA6 2RN. 


XIV INTERNATIONAL CONGRESS OF RADIOLOGY 
To be held in Rio de Janeiro from October 23 to October 
29, 1977. 
Further information from XIV? Congresso Internacional 
de Radiologia, Patrocínio Colégio Brasileiro de Radiologia, 
Rio de Janeiro, Brasil. 


scopist, nurse or technician may glean in a few evenings 
what it would otherwise take them many months to absorb. 
Endoscopic equipment is described in minute detail with 
sections on the organization of an endoscopy service, the 
techniques of endoscopy procedures, endoscopic photo- 
graphy and the handling of biopsy and cytology specimens. 
The didactic approach is generally successful, but leads to 
some dogmatic statements where there is room for more than 
one opinion, as for example the advice that a side viewing 
gastroscope should be passed blind until resistance is felt, 
when it will usually lie in the antrum. Many endoscopists 
would prefer to orientate themselves at the cardia and 
advance through the stomach under direct vision. Parts of 
the book on instrument detail will become out of date fairly 
quickly, and stricter editing could avoid repetition, mainly 
in the chapters on procedures and on radiology. The latter 
is titled “The role of radiology in fibre-optic endoscopy” 
and this accurately describes the approach. There are sec- 
tions on radiology before and during endoscopy, on associ- 
ated procedures and on radiation protection, and there 
is a brief tabulation of some radiological indications for 
endoscopy. The most helpful part is a very clear detailed 
account of radiological technique in pancreatic and bile 
duct cannulation. There is no comparison of the accuracy of 
endoscopy and radiology and no discussion of the clinical 
role of these two disciplines in the management of disease, 
The problem of how radiology and endoscopy should best be 
linked, the possible role of the radiologist endoscopist, the 
extent to which physicians and surgeons should be encour- 
aged or permitted to use radiological facilities unsupervised 
are all topics which would be of interest to radiologists. 
Despite these limitations, the book must be judged on its 
stated aim of being a practical technical guide. Às such it has 
certainly succeeded, containing a vast amount of informa- 
tion, clearly and simply laid out and it is easy to read. 
Every endoscopy department should have a copy and it can 
be thoroughly recommended to all would-be endoscopists. 

G. W. STEVENSON. 
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dn Introduction to Radiologic Science. By Robert M. Oman, 
pp. 189, 1975 (Berkshire, McGraw Hill Book Co. (UK) 
Limited), £535, 

in the preface to this very small book, the author states 
that it is intended as a "text for those studying radiologic 
science for the first time and as a general reference for ex- 
perienced technologists". It is totally inadequate for both 
groups; indeed, it is impossible to imagine what kind of 
reader could benefit from it. The treatment is extremely 
superficial, and at a very low level. 

The first four chapters (entitled: "Elementary principles 
and mechanics", "Structure of Matter", “Electricity” and 
"Magnetism and Electromagnetism’’) attempt to deal— 
in B6 small pages-—with the basic science of the subject. 
All of the relevant material presented—and very much more 
-would be well known to any student seeking to register 
with The (British) Society of Radiographers. At the end of 
each chapter there are several problems relevant to the sub- 
ject of the chapter. These problems range from the in- 
sultingly simple (e.g. “Express your own height in meters 
and your mass in kilograms") through the irrelevant (e.g. 
"Draw the Helium atom to scale") to the impossible 
(e.g. "Calculate the ratio space taken up by the atoms to the 
total space in a simple cubic structure"). 

Chapters 5 to 8 (entitled “X-ray Circuitry’, “X-rays”, 
“X-ray Equipment” and "Radiation") deal—in a further 
83 small pages—with the "specifically X-ray topics". Again 
the treatment is inevitably superficial, but in addition, es- 
pecially in respect of the more applied aspects of the subject 
there are too many misleading, ambiguous and even some 
potentially dangerous statements. To detail all is inap- 
propriate and the following examples must suffice: 

(1) The diagram showing the characteristic X-ray spectrum 
is of a single smooth curve extending over a range of 
wavelengths nearly one-half as great as that used on a 
previous diagram for the continuous X-ray spectrum. 
In both cases—as with all the graphs in this book— there 
are no numerical values or other indication of scale on 
the axes. A third diagram of the combined spectra, 
which otherwise might have helped remove this in- 
consistency, is ruined by an unfortunate printing error 
(incidentally, the only error of typescript detected). 

In the 12-line description of the construction, effect of 
exposure on, and the processing of an X-ray film, it is 
stated that "after development, the silver halide crystals 
not irradiated [sic] are desensitized or ‘fixed’ so that 
exposure to light does not result in the formation of 
silver specks”. That this is not true is valuably demon- 
strated by the large quantity of silver recoverable from 
the “fixing” solution into which it has been dissolved. 
This kind of error, of which there are several, seems 

















(2) 


TR 


to indicate an undesirable lack of contact with the 
practice of radiology. 

(3) Film speed is "defined as the amount of exposure 
measured in. R/cm.? required to produce a density of 
1-0". Not only is this wrong in that the reciprocal of 
exposure is usuallv employed, but at this point in the 
text "exposure" has not been even mentioned, nor its 
symbol, R, identified. In any case, the use of R/cm? 
is totally meaningless nonsense. 

(4) In the discussion of attenuation of radiation, the amount 
is stated to be "characteristic of the material" but no 
mention is made of the dependence on atomic number 
and density. 

(5) The graph which shows the effect on the radiation spec- 
trum of increasing amounts of filtration is misleadingly 
optimistic. An ideal filter in which the higher energy 
end of the spectrum is completely unattenuated appears 
to have been discovered—if only this could be true! 
The purpose of the various filters in a film badge (holder) 
is to make possible an estimation of the quality/tvpe of 
radiation and not, as the author states, to extend the 
exposure range. The curious statement that "Records of 
individual and cumulative exposures give a measure of 
protection, particularly for long-term effects" demon- 
strates either careless writing or a dangerously naive 
appreciation of the subject. 

(7) In the one-page discussion of the biological effects of 
radiation, it is stated: “The threshold of damage is 
difficult to estimate because the general background of 
radiation produces effects that are nearly the same as 
those caused by X-radiation. We can, however, give 
some general indication. of when we would expect 
radiation associated illness for radiation received over 
a short time. Up to around 50 rd a person should feel no 
effects of radiation though damage has been done that 
in a healthy person would be repaired by the body with 
no external manifestations". In so far as this means 
anything it is a most misleading, irresponsible and 
potentially dangerous statement; the offence of which is 
not mitigated by the quotation in an earlier table (but 
without any discussion in the text) of the ICRP maxi- 
mum permissible dosage values. 

The attempt to cover in such a short text this wide range 
of subject matter is misguided and doomed to failure from 
the start. The fact that, on the evidence of the text, the 
author appears to have little familiarity with the practice 
of the subject does not ease the problem. It is impossible to 
recommend this book to either the private reader or to 
libraries. 


(6 


anh, 


J. B. Massey. 
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Philips Cranio DIAGNOST 
All-in-one casualty X-ray department 
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sight. Treating the victims requires skill, Its precise and rapid positioning provides the 
efficiency, care and accurate diagnosis of utmost speed and accuracy in all routine 

their injuries. skull examinations, giving full information on 
The Cranio DIAGNOST, as the fastest and 


the extent of the patient's injuries. 
most efficient skull stand available, is the per- | However, its versatility doesn't end there: 


fect unit for the casualty department. 


ju 


Ir a T A 


it can also be used in combination with a 
bucky stand for skeletal examinations as well, 
providing complete facilities for X-ray 
casualty diagnostics in one compact unit. 


1 Careful counterbalancing of the Philips Cranio DIAGNOST 
ensures that minimum effort is required for accurate 
positioning. 





















2 Accurate checks on the selected projection, even when the 
patient is recumbent, are made possible by the see-through 
positioning device in combination with retrocentring 


3, 4, 5 Film plane centring, intra-cranial centring, or a 
combination of both can be set up to comply with the 
individual requirements of the radiologist — both technniques 
provide optimum visualisation of the areas of interest. 


6 The versatile Cranio DIAGNOST can also be used in 
combination with the Philips emergency trolley, either with its 
own bucky facilities, or with a separate pedestal bucky unit 
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A safe easily movable after- 
loader for intracavity therapy 





Above 
Transit Container L.4 


Below : 
Delouche Pattern Applicator 





The Curietron is a versatile radioactive source after- 
loader designed for gynaecological intracavity therapy, 
eliminating radiation hazards to staff. 

The size and weight of the Curietron are such that it 


can be easily moved by the operator. Remote control 
ejection and withdrawal of Caesium 137 sources is 
achieved through flexible tubes to the vaginal applicator 


from and /or uterine probe with a control panel which indicates 
the positioning and the effective irradiation time. 





Full details and specifications from 
CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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TotalS 
Capability 


Scinticamera 










Combines: 
x High Resolution 

x Easy Dynamics 

x Practical Anatomical Marker 
x Analogue Data Analyser 


Giving Total System Capability 
at a realistic price 


14in x 1 7in 


X-ray film image of 


SIGHTHILL. EDINBURGH EH11 4EY. SCOTLAND VS p 
NUCLEAR Telephone: 031-443 4060 brain displayed 


Cables: Nuclear, Edinburgh Telex: 72333 


EN | EFAPHISES Associate Companies in Dynamic Format. 


Nuclear Enterprises GmbH, Schwanthalerstrasse 74 


LINII | ED 8 Munchen 2. Germany. Tel 53-62-23. Telex. 529938 


Nuclear Enterprises Inc, 935 Terminal Way, San Carlos, 
Califorma 94070. Tel 415 593 1455. Telex 348371 
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rper pictures. 





The new, second system are blue emitting. Agfa-Gevaert, the 
generation of rare earth Consequently, no changes European photographic 
intensifying screens -based are required in processing industry and the x-ray 
on blue emitting rare earth methods or darkroom lighting specialists. 
metals -— ensure a con- and our normal Curix and For further information 
siderable reduction of the Medichrome films can be on medical x-ray products 
x-ray dose. One sixth ofthe used with the system. contact: Agfa-Gevaert Ltd.,. 
normal dose is sufficient for The new screens in the Medical X-Ray Sales Dept., 
the highest speed screen in — MR-system are suited for rapid 27 Great West Road, 
the range. film changers, chest unitsand Brentford, Middx. TW8 9AX. 

All screens in the MR- all other integrated tables. Telephone: 01-560 2131. 














TEM INSTRUMENTS LIMITED, Crawley; Sussex, England 
and SIEMENS A. G., Erlangen, West Germany 


have reached an agreement giving Siemens the right to market the Ximatron 
treatment planning simulator, developed and manufactured by TEM. 


TEM will continue to sell their range of therapy 
products throughout the world, and in the UK including the Ximatron. 


The Ximatron Mk. Ill available for delivery during 1976 is now 
considered to be one of the most advanced, accurate and sophisticated 
treatment planning units in the world. 


id [3 | Y | TEM Instruments Limited, Gatwick Road, Crawley, Sussex, RHIO 2RG England Tel: 0293 31244 Telex: 87397 Grams: TESTMENT C 
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The AECL universal, therapy 


TREATMENT PLANNIN 






universal simulator —and the 


THERASIM 750 


systen 


TP-11 computer based treatment planning/programme 


The preparation of precise treatment prescriptions has 
become an integral part of modern radiation therapy. 
The rapid advance in techniques has prompted AECL 
to develop the Universal Therasim 750 Simulator 
which, working in concert with the computer controlled 
(TP-11) Treatment Planning System, provides an un- 
matched degree of accuracy in the planning of good 
therapy. 


The THERASIM 750 offers many notable new features 
including increased isocentric accuracy, longer 
variable SAD and greater image intensifier X and Y 
directions. 


The TP-11 offers a comprehensive package of treat- 
ment planning programs that permit sophisticated 
planning in a fraction of the time. Multiple ports, 
rotations, and irregular fields. with or without filters or 


75-7 5M 


bars. may be calculated singly or combined without 
limit. Implant distributions may be added to external 
beams. A concise hard-copy plot is produced, showing 
the Distribution and Treatment Plan. Utility programs 
to plot isodoses, design wedge filters, and perform 
other useful tasks are included. 


For detailed information please write to 

Atomic Energy of Canada Limited, 

Commercial Products, 

P.O. Box 6300, Ottawa, Ontario, Canada. K2A 3W3 
Telephone 613/592-2790. Telex 053-462 


\ Atomic Energy 
^ of Canada Limited 


Commercial Produc 


high-speed conveyor sy : 
from the coating area to the 
testing laboratory. 


Kodak is a trade mark 








A new Superficial Radiotherapy 


Unit in the 50-150Kv range 


The new Pantak HC 150 Superficial Radiotherapy Unit has 
been specifically designed to meet the new D.H.S.S. specification for 
UK Hospitals - RASMP/75 and provides a dependable, easily 
positioned source of X-radiation in the 50-150 Kv range. 

HC 150 is the most technologically advanced unit available 
at this energy level and is based on a widely used and fully proven 
X-ray generator. It provides pre-selected treatment programmes 
with main and back-up timers that ensure optimum patient 
protection. 

Pantak, a British company within the EMI Group has over 
30 years experience in X-ray systems and is in a position to provide 
comprehensive technical and back-up services. 


PANTAK (EMI) LIMITED 


Vale Road, Windsor, Berkshire. Telephone: Windsor 60306. 
A member of the EMI Group of Companies 
International leaders in music, electronics and leisure. 








...the new Varian Clinac 6X 


Now 6 MV with a straight-through beam. 
Varian is proud to announce the Clinac 6X, 
the first fully rotational 6 MV production ther- 
apy machine with a straight-through beam. 
incorporating an advanced new accelerator 
structure, the Clinac 6X utilizes the gantry, 
control console and proven electronics which 
have made the Clinac 4 the accepted standard 
of modern supervoltage therapy machines. 
Key features of the Clinac 6X are the design 
simplicity and enduring reliability which have 
come to characterize all Varian accelerators. 
The Clinac 6X is now in production. Please 
write for full information. 


Varian Associates Lid. /GB -Walton-on-Thames 
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out of ALL. emulsions in f ALL machines 





May & Baker developed 'Matalex' / Parafix 
(the pioneering cool-working X-ray de- 
veloper/fixer system) to ensure superb 
results with ALL emulsions. And it doesn't 
even matter what machine is used! 


'Matalex'/'Parafix' also has the advantage of 
simple contrast control — all you M do is 
change the solution temperature. In add- 
ition, the iru has an economical re- 


plenishment rate, low film-fog levels and the 


support of a highly competent technical 
service team. 


Need we say more? If so, just fill in the 
coupon — and we will! 


pl eth a Ld LS 
To May & Baker Ltd 
Dagenham Essex RM 10 7XS 


Do please teil me more. about’ Matalex'/ 
'Parafix' 
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‘Matalex’ and 'Parafix' are trade marks of 
May & Baker Ltd Dagenham Essex RM10 7XS 


A member of the Bhóne-Poulenc Group of Companies eP i 
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inique padding permits passage of 
X-rays without showing on the plate 


RADIOLOGISTS 
helped to design this Polyfoam position block 

ADULT SIZE BLOCK 202 10" x 8” x 3" 

CHILD'S SIZE BLOCK 303, 7” x 6” x 2" 

These blocks as illustrated are cut from a single 
block of Polyfoam and provide a comfortable non-slip 
positioning block which lets the patient relax more 
easily. 

POLYFOAM BLOCKS 202 & 303 


For more information please write or telephone: 
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HINDERS-LESLIES LIMITED 


progress 
Higham Hill Road - London- E17 6EJ through 
Telephone: 01-531 7172 (10 lines) plus Ansafone research 
S.N; Member of the SMITH & NEPHEW Group of Companies 











British Journal of Radiology 
SPECIAL REPORT SERIES 


| pocket 


Members 
1 " Price price 
| dosimeters No.2 The Use of Computers in 
$ "ill e Therapeutic Radiology (1966 
1 International Conference) 70p 7Op 
No.3 The Design of Counting systems 
for Dynamic Studies and Uptake 
s Measurements (1968) £2:40 £1-70 
7 on the spot 
ON d No.4 Computers in Radiotherapy 
y detection and (1968 2nd International Conference) 50p 50p 
measurement of No.5 Computers in Radiotherapy 
3: l = gs (1970 3rd international Conference) £9-00 £6-00 
gamma radiation *£6-00 
ACCURATE No.6 Radiobiology Forum on 
Radiological Protection of the Skin 
Pi) 4 ST (1972) 60p 60p 
FAELIABLE 
No.8 The Design and installation of 
Efficient Fume-Cupboards (1974) 30p 30p 


we serve the world through our agents 


ANO COMPANY LIMITED 
| Mies Road Muchamiiad 3YP Tel O1. GaAs 1668/9 





“Special price for individual users, 1 copy only 


Available from the Publications Office 
British Institute of Radiology 
32 Welbeck Street, London WIM 7PG 
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The Barr & Stroud Rapid 
Cassette Changer is 
designed to permit rapid 
serial angiography by 
manual operation — five 
exposures can be obtained 
at the rate of one a second. 


The instrument can be 
easily mounted on either a 
Schonander or a Barazzetti 
skull table, and provides 
vibration-free x-ray 
photographs. 


BARR & STROUD LIMITED 
Kinnaird House, 1 Pall Mall East, 


London SW1Y 5AU. Tel 01-930 1541 


(in five seconds) 








The ‘L’ method of 
construction compensates 
for beam divergence, and 
makes it unnecessary to 
raise the head on pads to 
ensure posterior coverage — 
or to reposition for taking 
AP views. 


Full technical specifications 
and literature is available. 


Caxton Street, Anniesland, 
Glasgow G13 1HZ, Scotland. 
Telephone 041-954 9601 





Patient data can be fed directly into the 
system by reading cross-sectional 
diagrams or radiographs with a digitizer 
or entered through the typewriter-like 
KeyDoara 





radiation therapy 


Hewlett-Packard 9830 





A series of programs enables the system 
to produce automatically highly accurate 
treatment plans for both tele-therapy and 
brachy-therapy. Computational mistakes 
and incorrect table readings are virtually 
eliminated. Therapists have more time for 
treating patients. 


treatment planning system. 
Accurate: fast: graphic: low-cost. 


If you are still carrying out radiation therapy 
treatment calculations by hand, this Hewlett-Packard 
system will interest you. It carries out this demanding 
work to a high level of accuracy, in a fraction of the 
time required to achieve the same results by hand 
and for far less than you might expect a fully 
automated system to cost 

The system comes complete with nineteen 
programs, thoroughly-proven and in regular hospital 
use. Included are programs covering dose 
calculations for cesium, radium, cobalt and 
high- energy electron therapies; treatment calculations 
for intracavitary, interstitial, regular and irregular 
fields, multiple and moving beam therapies can be 
carried out. A general ‘book-keeping’ dose summary 
program automatically keeps patient dosage 
records up-to-date 

The Hewlett-Packard 9830 system is so easy to 
use that radiation therapy technicians with virtually 


no previous computer experience can input data and 
activate the calculating process themselves. Less 
time spent on doing and checking calculations means 
more for actual therapy, shorter lead times before 
therapy can begin, a greater through-put of patients 
and, possibly, the opportunity to undertake more 
complex types of treatment. 

Moreover, the system is highly flexible. If it is not 
fully-employed on radio therapy, it can be used to 
solve problems in many other areas; RIA, medical 
statistics and so on 

For a complete fact file, simply return the coupon. 








D 


HEWLETT ib PACKARD 


Sales and service from 172 offices in 65 countries. 








Patient dose data is presented graphically on 
this plotter, or in tabular form by the system's 
printer. To produce by hand the levels of 
accuracy attained would be inordinately 
time-consuming and in some cases 
' impossible. Costs per treatment are far 
bt lower than those for any other 
automated system of treatment 
planning. 


DATE: NDV. 25 
12.00 X 18.8 PATIENT: 211% 
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Address to 
Germany Please send me a 
Hewlett-Packard GMIF, complete fact file of the HP 9830 Radiation There 


Marcom Dept, Vertriebszentrale, . 
Frankfurt. Bernerstrasse 117. treatment planning system. (RAD 2) 
Postfach 560 140, 


D-6000 Frankfurt 56 Name 
France 
NM Hewlett-Packard France, Marcom Dept, 
Pig Quartier de Courtaboeuf, Position 
Boite Postale No. 6, F-91401 Orsay 
UK. 
Hewlett-Packard Ltd , Enquiry Dept , Address 


King Street Lane, Winnersh, 
Wokingham, Berks. RG11 5AR 
Rest of Europe 
Hewlett-Packard GmbH, Herr Ed Hop, 
Calculator Marketing Group Boeblingen, 





You can pay more for 


radiopharmaceuticals. 
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Diagnostic Isotopes Incorporated are you're interested in good images at a good 
proud of their reputation in the field of price, write to us and we'll send you their 
nuclear medicine. But when it comes to comprehensive new catalogue. 

price, they're very modest. KITS: 

Radiopharmaceuticals is their only e 99m Tc Diphosphonate-Tin 

business. They were pioneers, and are 5 mg Diphosphonate and 0.5 mg 
innovators. And they will always be Stannous Chloride 

perfectionists. e 99m Tc Polyphosphate-Tin 

Yet many of their kits cost less than 100 mg Polyphosphate and 2 mg 
products of comparable purity, stability and Stannous Chloride 

consistency. That means you can counton e99m Tc DTPA-Tin 

reliable results, patient after patient, and at 5 mg DTPA and 0.25 mg Stannous 
the same time lower the cost of your Chloride 

Supplies. e 99m Tc Phytate-Tin 

internuclear Ltd are the sole distributors 10 mg Sodium Phytate and 1.0 mg 
for Diagnostic Isotopes in the U.K. If Stannous Chloride 





Distributors for: Atomic Development Corp : Capintec Inc : Cleon Corp 
Diagnostic Isotopes Inc - Matrix Instruments : Medicor: NL Industries Inc. 
INTERNUCLEAR LIMITED, 18 BATH ROAD, SWINDON, WILTS, SNI 4BA. Tel: 0793-30579 


XXVIII 





in radiography , 
conray contrast media 


provide a distinctly better prospect all round 


There is a wide range of Conray' formulations and almost 
certainly one to meet y our special requirements however 
exacting they may be. 'Conray' provides wide margins of safety 


f r the patient and superb visualization in a comprehensive 
range of radiographic procedures. 


‘Conray’ Contrast media are preparations of meglumine 
thalamate, sodium iothalamate or combinations of the tw 


E. May &Baker 


| eoe member of the Rhóne-Poulenc Group of Compames 








Greyscale 
Capabllity 


The Nuclear Enterprises Diasonograph NE 4102 


has full greyscale capability, with colour option for expansions of Greyscale. Recording facilities 
include Polaroid 35/70mm negative film, hard copy, strip chart and video. Full details on request 


M / 


DIASONOGRAPH NE 4102 





HEPATOMA IN LIVER (TRANSVERSE SECTION) ASCITES (TRANSVERSE SECTION) 
NJI (CLEAR SIGHTHILL, EDINBURGH EH11 4EY, SCOTLAND 
Telephone: 031-443 4060 
R Cables: Nuclear, Edinburgh Telex: 72333 
EN | El || ISES Associate Companies 
Nuclear Enterprises GmbH. Schwanthalerstrasse 74 
LINII | EL) 8 Munchen 2, Germany. Tel: 53-62-23. Telex: 529938 


Nuclear Enterpnses Inc.. 935 Terminal Way. San Carlos. 
California 94070. Tel 415 593 1455. Telex 348371 


In Angiography 
by 
UROGRAFIN 


Both Urografin 60", and 76", 


with iodine concentrations of 
292 mg/ml and 370 mg ml 
respectively, 
are suitable for most 
angiographic examinations. 
The high proportion of the 
meglumine to the sodium salt 
ensures excellent tolerance 
with good diagnostic 
definition. 


Available in 20 mls ampoules 
and 50 mls vials. 


In Intravenous Pyelography 
b 


y 
UROVISON 


Urovison exhibits an optimum 
balance between ease of 
injection and good contrast., 
With an iodine concentration 
of 325 mg/ml, 
patient tolerance is high 
even when administered 
in large volumes. 
Available in 25 mls ampoules 
and 50 mls vials. 


heii 


Schering Chemicals Limited, 


y 
INFUSION BILIGRAM 


The latest development from 
Schering AG. Biligram 
exhibits lower toxicity and 
better tolerance than 
previously available media. 
Adequate diagnostic pictures 
can often be obtained in 
patients with serum bilirubin 
levels of 2-5 mg ";. 


Available in 100 mls infusion 
bottles and 30 mls ampoules. 


Pharmaceutical Division, Burgess Hill, Sussex RH15 9NE 


Full information available on request. 


In Intravenous Cholegraphy 
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WHAT'S IN A NAME? 


QUITE A LOT if it’s CUTHBERT ANDREWS—to you for 
the service you have come to expect 
and to us for the responsibility for 
maintaining this hard-won 60-year 
reputation. 





" too if you can talk to the same name 
in our office year after year when you 
have a problem to discuss or want a 
quick price or delivery estimate. 


QUITE A LOT too if it’s the wrong name on the 
wrong film or so badly exposed as to 
be indecipherable. The UNIVEX film 
marker helps to maintain your name 
for well turned out work. Nine hundred 
of them are doing just that. 





I too when it's the name of a product 
which you have ordered and re-ordered 
over the years and now find is dis- 
continued. We can usually help you to 
choose a new name which will be as good, 
or perhaps even better, for your needs. 


QUITE A LOT too in these days of take-overs by vast groups, 
while CUTHBERT ANDREWS has only been 
"taken over" by EVERYTHING X-RAY LTD. 


This new use for the name of the famous 
Andrews catalogue is only a very transparent 
cover for the new little company, owned 
entirely by family and staff, whose unwelcome 
incorporation has been made essential by 
present vicious taxation conditions. 


The same staff, with the same ideals! 
CUTHBERT ANDREWS 
EVERYTHING X-RAY LTD. 


5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 IBE 


Overseas telegrams: EXRAYZE, WATFORD Telephone: 01-950 2525 


Order Form (Teaching Booklets) 
To The British Institute of Radiology | 
32 Welbeck Street, London W1M 7PG 


Please send copies of | 
No. 1 The Physical Aspects of Radioisotopic Organ Imaging by K. G. Leach £1-50 
No. 2 Introduction to the Principles of Diagnostic Ultrasound, | 
by H. B. Meire and P. Armstrong n £1-40 
(Circle if required) 


Cheque/postal order for £ enclosed (pounds sterling) 
Dispatch to 


Name 


Address 











Signature 
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eaching Booklets 


o. 1 The Physical Aspects of 
dioisotopic Organ Imaging 
G. Leach 












lo. 2 Introduction to the Principles 
B. Meire and P. Armstrong £1-40 





The introduction of the Part | F.R.C.R., (now also Part | D.M.R.) has 
meant that radiologists in training are expected to learn a number of 
subjects not previously included in the syllabus, and not easily 
available in standard books. The aim of the present series of Teaching 
Booklets is to provide simple introductory texts on some of these 
topics. 

Although the original purpose was to meet the needs of trainee 
radiologists it has become clear that the potential readership is wider 
than this, and we very much hope that the Booklets will be of value 
to radiographers, and to other technicians beginning to work in the 
field of nuclear medicine, ultrasonics and thermography. 
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32 Welbeck Street, London W1M 7PG 
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Radiology now 
The colon pacified* 


It is common practice to give an anticholinergic drug 
during barium enema examination. when it is 
difficult to fill the colon because of spasm, incon- 
tinence or some other reason. In 1958 Welin recom- 
mended the routine use of atropine by mouth 30 
minutes before the examination in order to reduce 
mucus secretion and alleviate the discomfort of the 
examination. 

Another more powerful anticholinergic drug, 
propantheline bromide (ProBanthine) was a common 
favourite for the relief of colonic spasm (Ferrucci 
and Benedict, 1971), but side effects proved trouble- 
some. Dilatation of the pupils with loss of accom- 
modating power causing blurred vision is common, 
often lasting for several hours and sometimes for as 
long as one to three days. For this reason Ayoscine 
butylbromide (Buscopan) has become more popular, 
because prolonged blurring of vision is rare and other 
side effects are less of a problem. There is also a risk 
of precipitating glaucoma with these drugs, but one 
is only likely to run into trouble in patients prone to 
episodes of closed angle glaucoma. Symptoms of 
this condition are painful attacks of blurred vision, 
accompanied by haloes around lights. The effects of 
hyoscine may be enhanced by concomitant admin- 
istration of other drugs with parasympatholytic 
properties, such as some antihistamines, pheno- 
thiazines and the tricyclic antidepressants. In these 
circumstances, and in the presence of ischaemic 
heart disease or prostatic enlargement Buscopan is 
best avoided. Notwithstanding this apparently 
formidable list of contra-indications Buscopan has 
been extensively used in hypotonic examinations of 
the gastrointestinal tract, and with few exceptions 
has proved to be relatively harmless (Herxheimer, 
1972; Herxheimer and Haefeli, 1966; Martindale, 
1972). 

Another drug used for hypotonic duodenography 
and the double contrast barium meal is Glucagon. 
It has been advocated recently for hypotonic 





*Reprints from: Dr. K. C. Simpkins, Department of Radiol- 
ogy, The General Infirmary, Leeds L51 3EX. 
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examination of the colon (Gobel ef al, 1975; 
Meeroff et al., 1975 and Miller et al., 1974). Glucagon 
is produced by the a cells of the islets of Langerhans 
in the pancreas, and causes an increase in blood 
glucose concentration by converting liver glyco- 
gen to glucose. Its mode of action in relaxing 
smooth muscle tone is unknown. Glucagon is gen- 
erally considered to be free of unwanted side effects, 
but it should not be given to patients with suspected 
insuloma, or phaeochromocytoma, as it may pro- 
voke severe hypertension. Glucagon may also poten- 
tiate the hypoprothrombinaemic action of coumarin 
derivatives, and great caution should be observed 
before Glucagon is administered to patients receiving 
anticoagulant therapy (Pannekoek, 1972). As sensi- 
tization to Glucagon is a possibility it is inadvisable 
to give this drug to diabetics. 

At the end of the day there are three questions to 
be answered about the use of hypotonic drugs in 
barium enema examination: 

Q.1 Are hypotonic drugs helpful or are they an 

inconvenient, expensive and a potentially dangerous 

waste of time? 

A.l There is no doubt that in certain circum- 

stances hypotonic drugs are helpful: 

(1) In some patients distension of the rectum and 
colon is uncomfortable, and an antispasmodic 
alleviates this discomfort. 

(2) Especially in some elderly patients there is 
functional inability to retain the barium. In most 
cases administration of an antispasmodic drug 
enables the whole of the large bowel to be filled 
with barium and air with less discomfort to the 
patient, and without recourse to the potentially 
dangerous rectal balloon catheter. 

(3) Diverticular disease with sigmoid spasm produces 
pain and discomfort, often with incontinence, 
and prevents filling of the proximal bowel. An 
antispasmodic drug helps to overcome this and 
enables the whole of the large bowel to be 
demonstrated. In fact Glucagon has been used 
with success in the treatment of acute diver- 
ticulitis (Daniel et al., 1974). Relaxation of the 
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inflamed sigmoid colon also assists in the 
differentiation. of diverticulitis from carcinoma, 
and better distension in diverticular disease 
enables exclusion of any additional lesion such 
as a neoplasm. 

(4) Areas of localized narrowing due to underfilling 
or spasm simulate carcinoma or other lesions, 
and the administration of an antispasmodic can 
resolve this problem. 

(3) The use of antispasmodics has been advocated 
in the barium enema examination of inflam- 
matory bowel disease (Miller et al, 1974). 
Undoubtedly discomfort and pain limit filling 
and distension in some patients with colitis. It is 
tempting to give antispasmodics to ease the 
patient and achieve a better demonstration ot the 
abnormal bowel. However, these symptoms are 
danger signals against further distension, with 
the risk of perforation of a thin and inflamed 
colon. There is also in acute colitis a danger of 
precipitating toxic megacolon by giving an 
anticholinergic or other hypotonic drug (Korelitz, 
1975). In acute colitis, therefore, drugs should be 
used with extreme caution, and only in those 
patients where there is some particular problem 
such as suspected malignant change. In these 
circumstances Glucagon is probably less danger- 
ous than the anticholinergic drug Buscopan. 

The short duration of action of these drugs 
enables after-evacuation films to be obtained in the 
usual way. Filling of the terminal ileum may be 
facilitated (Miller et al., 1974), but this is not likely 
to be a significant factor. In the presence of an 
obstructing lesion, barium should not be allowed to 
overfill the proximal colon during a hypotonic 
enema because reduction of muscle tone could 
permit an incomplete obstruction to become total 

(Ferrucci and Benedict, 1971). 

Q.2 Should hypotonic drugs be used selectively or 

routinely in all cases? 

A.2 The routine use of a drug in any individual 

diagnostic procedure in radiology should only be 

advocated if it is essential for diagnostic quality or 
the patient’s comfort. For example, a hypotonic 
agent is essential for hypotonic duodenography, but 
this does not apply to the barium enema. Most 
patients, perhaps three out of four, do not experience 
undue discomfort, and most lesions can be clearly 
seen and maximum information obtained without 
recourse to drugs. It is therefore unnecessary to 
administer a potentially dangerous drug to every 
patient. Nevertheless there should be no hesitation 
m giving a hypotonic drug when it is of benefit. 
.3 Which is the most effective, most convenient 


and least harmful agent, and what contraindications 
and precautions should be observed in its use? 
A.3 Thechoiceis between Buscopan and Glucagon. 
Both drugs are given by intravenous or intra- 
muscular injection, but Buscopan is more con- 
venient as it is supplied as a solution in a vial ready 
for injection, whereas Glucagon requires mixing of 
powder and solvent before administration. Both have 
rapid effect when injected intravenously, and after 
about five minutes when given intramuscularly. The 
duration of action of both is about 15 minutes. Both 
drugs are believed to be equally effective, but there 
has been no comparative trial of their action on the 
colon. Spasm and irritability of the bowel with 
consequent discomfort to the patient and in- 
continence occasionally persist after giving either 
Buscopan or Glucagon in their usual doses, and 
larger amounts such as 60 mg LV. Buscopan or 
2 mg LV. Glucagon may occasionally be required. 

Glucagon is the least harmful agent except to 
those with an insuloma or phaeochromocytoma, or 
on anticoagulants. Buscopan should be avoided in 
those who expect to drive a vehicle or operate 
machinery within an hour of the injection, and 
patients given Buscopan should be warned of its 
possible visual effects. Buscopan should not be 
given to those who admit to attacks of visual 
disturbance with pain, to elderly men with a history 
of prostatic enlargement, or in ischaemic heart 
disease. Both drugs should only be given with great 
care to those who have taken any medication within 
the previous 14 days. 

In order to take account of all these possibilities it 
is suggested that each patient, with the help of a 
nurse or radiographer, fills in a proforma of relevant 
questions before coming into the X-ray room so that 
the radiologist can see at a glance which drug is 
appropriate. In those cases where none of these 
clinical limitations apply Buscopan (at 7p for 20 mg) 
is to be preferred to Glucagon (at £1:59 for 1 mg) 
on account of ease of administration and cost. 

K. C. StMPKINS 
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Book review 


Encyclopedia af Medical Radiology, Vol. X, Part 2b. 
Roentgen Diagnosis of the Heart and Blood Vessels. Edited 
by L. Diethelm, F. Heuck, O. Olsson, K. Ranniger, F. 
Strnad, H. Vieten and A. Zuppinger, 1974 (Berlin, Heidel- 
berg, New York, Springer-Verlag), $137.10. 

This new volume of the Encyclopedia of Medical Radiology 
covers onlv a small part of disease of the heart and the 
vascular tree. It comprises a number of chapters written 
by different authors. ‘There is a section on intracardiac 
calcifications such as the heart valves and the coronary 
arteries, and a short chapter on intracardiac thrombi. 
A comprehensive section on tumours of the heart and 
pericardium is followed by a short section on parasitic 
disease of the heart. There is an important chapter on the 
pathological features and morphology of the coronary ar- 
teries, followed by two sections on the radiological features 
of coronary artery disease and coronary angiography. The 
latter are the only two sections written in English. In a 
chapter on so-called ‘‘myodegeneratio cordis" due to age, the 
author discusses a topic which is not familiar to British 
readers. There is a short chapter on changes of the heart 
due to arterio-venous communications, as well as a compre- 
hensive chapter on cor pulmonale, à section on hypertension, 
followed bv a short section on the various appearances of the 
normal heart and its anatomical variations in a new born. 


with Glucagon. Radiology, 113, 555—562. 


PANNERDEK, J. H., 1972. Insulins Glucagon and oral hypo- 


glycaemic drugs — in side effects of drugs. In Excerpta 
Medica, edited by L. Meyler and A. Herxheimer, Vol. 7, 
Chapter 41, p. 581. 


Werin, S., 1958. Modern trends in diagnostic roent- 


genology of the colon. The Mackenzie Davidson Memorial 
Lecture. British Journal of Radiology, 31, 453-464, 


In the section on peripheral vascular disease there is a large 
chapter on diseases of the thoracic aorta, and a shorter section 
on diseases of the veins of the mediastinum. 

Most of the monographs are by no means comprehensive 
and are often somewhat disjointed, which makes reading 
sometimes difficult, Some of the material presented is not 
always up to date, though an attempt is made to include 
recent developments. The section on myocardial degenera- 
tion is unusual and not very convincing, and the chapter on 
cor pulmonale is equally difficult to understand, since the 
appearances of cor pulmonale in obstructive airways disease 
and pulmonary hypertension due to other causes are not 
too clearly defined and separated. 

There are a large number of negative reproductions in 
the text, not commonly used in the English literature. 
Some of the angiograms are not of a very high standard, 
and are inadequately annotated due to lack of diagrams and 
clearer descriptions. 

There is a long list of references appended to each 
chapter; some are out of date, whereas some of the recent 
ones are missing. 

It is very questionable if a book of this kind can ever be 
up to date, and at the cost of £60 it is unlikely that many 
individuals will be able to afford it. 

| R, E. STEINER, 
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New diagnostic horizons with sonar 
By I. Donald, C.B.E., M.D., F.R.C.S. (Glasg)., F.R.C.O.G.* 


The Mackenzie Davidson Memorial Lecture given at The British Institute of Radiology, February 20, 1975 


Received February. 1975) 


Since Lord Rutherford gave the first lecture in 
memory of Sir James Mackenzie Davidson in 1920 
the list of lecturers who have followed him has in- 
cluded men of science and of medicine who may be 
counted among the intellectual giants of this century. 
Y simple clinical gynaecologist like myself can 
hardly contribute significantly to such illustrious 
memory. 

here are two ways of looking at the extending 
horizons of sonar. One is to take account of the 
ever-increasing range of applications and the other 
depends upon the exploitation of fresh technical 
developments. It is important to recognize not only 
the scope of the technique but also its limitations. 
In a quantitative sense, the greatest clinical impact 





so far has been in the field of obstetrics and with 
pelvic masses provided in gynaecology. This is where 
we ourselves started about twenty vears ago ( Donald 
et al., 1958) but the subject now has diverse appli- 
cations including all types of abdominal echography 
(Barnet and Morley, 1974), ultrasound cardiology, 
ophthalmology and neurology. A number of very 
iseful volumes have appeared within the past few 
vears which encompass far more material than | 
could hope to review in a lecture such as this 
(Barnet and Morley, 1974; Brown and Gordon, 
1967; King, 1974; Wells, 1972). 

Rather than recapitulate what I and my colleagues 
in Glasgow have attempted and put forth in verv 
numerous publications, my purpose is to present 
still newer work arising from a very major advance 
now applicable to the ultrasonic art. I refer to grey- 
scale 1maging as a breakthrough which may render 
much of our work of the last two decades out of date. 


BACKGROUND 
Over many vears, especially since the University 





f Glasgow set up the Department of Ultrasonic H 

| echnologa based on the Queen Mother's Hospital, Fic. 1. 
our technical research interests have been concerned Original attempts at grey-scaling technique before avail- 
i of placenta, (A) before treatment by plasmapheresis, (B) 
— — — —— after 36 maternal exchange plasmaphereses extending over 
13 weeks. Child delivered two davs after (B) and although 
"Department. of Midwifery, Queen Mother's Hospital, affected by Rh haemolytic disease survived following two 
Glasgow G3 SSH exchange transfusions. Intra-uterine transfusions avoided. 


306 


New diagnostic horizons with 













^ 





~= e 5 ` TS 
-" P d I~. k 
F, Ay ay . 





E we 









È o : =, 
. x ; ^ x " " = 
i. w 
> 
. eon AM 
* - M u 1 
E Y 
Me 


v I 


| normal placenta by old technique. 
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measurement and with energy studies and calcula- 


tions, three-dimensional displav and information 
retrieval. 

Although we have demonstrated the feasibility 
of three-dimensional holography by à multiplex 
sonar technique (Donald, 1969), in conjunction with 


the Atomic Weapons Research Establishment, we 


have not vet succeeded in making this method of 


storage and information retrieval economically vi- 
able or clinically worth while. Up to a few months 
ago it appeared that in routine sonar we had reached 
a plateau in the matter of resolution and accuracy 
and for a brief while, I did not see how we could 
improve our technique in spite of my dissatisfaction 
with it. Meanwhile opportunities abounded in the 
sheer weight of the clinical material with placento- 
graphy and in particular biparietal cephalometry 
still forming the heaviest part of the workload. 
Although we are obstetricians and gynaecologists, 
we are nevertheless interested in diversification and, 
in collaboration with our radiological colleagues at 
the Western Infirmary, Glasgow, we gladly seize 
upon any opportunity of studying other organs. For 
Dr. ‘Ted 
Lyons in my department for scanning the kidneys 


example, the technique developed by 


in tiny babies using a warm water-bath tank under 
which they slept peacefully, warmly and happily 
(Lyons et al., 1972) has now been taken over in full 
by Dr. Elizabeth Sweet in the neighbouring Royal 
Hospital for Sick Children. 


‘TISSUE STRUCTURAL STUDIES 
To recognize the anatomical configuration of an 
organ or a tumour is not in itself enough. There is 
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Hepatic metastases, Standard technique. 
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INPUT Torget OUTPUT 
x x 
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z Z 
WRITE GUN | READ GUN 
Assembly Assembly 
INPUT OUTPUT 
Ultrasonic Picture Information Raster Scan 


Fic. 4. 


Diagram of principle of scan conversion. The echo infor- 

mation as written on to the silicon target (centre of diagram) 

using x, y and z co-ordinates and this is then read in raster 

form and displayed on a standard television tube. It offers 
a more flexible format for processing and storage. 


need also to estimate its density, its transonicity, 
its fluid content and at least its macroscopic texture. 
In no two tissues has the need for this been more 
evident than in the case of the placenta, which is a 
very difficult organ to study by any technique £z 
vivo, and of the liver. This also applies to a lesser 
extent to kidneys and spleen. 

The need was brought home when, in the course 
of the past vear, a new approach in the management 


VoL. 49, No. 580 


I. Donald 





Demonstrates thi principle of A-scan and grey-scale 


maging. (A) Shows a longitudinal view of a fetal trunk and 
intenor placenta. Along the bottom of the picture is an 
i-scan trace, taken with the beam halted in the line of the 


irrow in the upper right corner. A bewildering profusion of 

bhps in the A-scan trace and of white dots on the B-scan 

[he cursor mark has been superimposed on both 

row); (B) Grey-scale picture for comparison with older 
standard tec hnique in (A). 


of severe Rhesus haemolytic disease in pregnancy 


by repeated maternal plasmapheresis became avail- 
able. The need to study the placenta during such 
treatment became urgent. We have long recognized 
(Donald and Abdulla, 1968) that the severely affec- 
ted Rhesus placenta demonstrates, on sonar examina- 
tion, a thickened, more opaque ground-glass type 
of appearance, presumably due to villous oedema. 
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FIG. 6, 


Ovarian. carcinomatosis with six litres ascites. Note liver, 
top left, separated from diaphragm by free fluid. (A) Stand- 
ard technique, (B) grey scale. 


Hitherto any hope of fetal survival in severe 
cases has depended upon repeated intra-uterine 
transfusion until premature delivery could be safely 
undertaken. This has a high mortality. Such cases 
are now considered for repeated maternal plasma- 
pheresis, two or three times a week for months on 
end, to remove the maternal antibodies by means of 


a cell separator and to exchange her plasma for 
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H 
Fic. 7. 
Massive malignant ovarian teratoma, (A) standard technique; 
(B) grev scale 


donor plasma. We are naturally interested to see 
what effect such treatment can have upon the pla- 
centa itself and to match the changes with those 
which can be observed on repeated amniocentesis 
and spectrophotometry of the liquor amnu. 

So far we have had three striking successes. 
Figure 1 illustrates the first of these in which a 
live baby resulted, though still badly affected and 
requiring two exchange transfusions after delivery. 
The placental characteristics changed notably after 


no less than 36 plasma exchange plasmaphereses of 


the mother’s blood—no mean therapeutic under- 





B 
Fic. 8. 
Gross hepatomegaly due to diffuse alcoholic cirrhosis, Note 
diffuse echo pattern, (A) standard; (B) grey scale technique. 


taking. We still lacked however the facility which | 
will presently describe. 
demonstrated 


So far we have 


grey-scale 


our attempts at 


representation using a conventional 
cathode ray tube with minimal persistence and open 
shutter photography with the scan carried out at a 
uniform high speed in order to avoid overloading 
the recording system (Donald, 1974) (Fig. 2). It 
must be admitted that the results so far are not good 
and this defect was accentuated by a further case in 
which the placenta was not only involved in Rhesus 
haemolytic disease but was praevia in situation as 
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well. We lost the baby following two intra-uterine indifferently indicated the strength of the echo re- 
nsfusions and the mother herself was in some ceived and therefore the reflecting capacity of the 
i| from a major degree of placenta praevia. structure under examination. For this we had to rely 
Our frustration in patients with suspected malig- on brightness intensity modulation at each light 


nant metastatic disease of the liver was equally dot on the face of the cathode rav tube which map- 


great (Fig. 3). We tried every means that we could ped the echo structure of a given tissue. This was 


| of to try and eliminate artefacts and achieve achieved to some extent by varying the pulse width 
meaningful resolution in the case of hepatic struc- in accordance with echo strength but even with these 
(Donald, 1973) but by now the need for a grey- refinements the pictures obtained, as can be seen, 
technique was becoming increasingly obvious. were made up in black or white without intermedi- 

ate shades of grev tone such as one would see in 

(SREY-SCALE IMAGING an ordinary snapshot or on the face of a television 

to this point, ze. the autumn of 1974, we set. Furthermore, storage tubes were used to an 

had to be content with echo information which only every increasing extent on most up-to-date machines 





H R 
FIG. 9 Fic. 10 
SVETE Vi of normal kidnevs Patient in ron | ' 
! à ‘ A Kiüne) f | ' Large, secondary sarcomatous deposit in thigh, very 
position \) standard ; (8) grey scale. haemorrhagic and lined with malignant tissue, (A) standard: 


(B) grey scale technique. Arrow indicates femur, which is 
not affected 
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because one could simultaneously study the pic- 
tures obtained and photograph them there and then. 
But for all its great convenience storage inevitably 
resulted in some sacrifice of detail and resolution. 
Kossoff and his colleagues in Australia (Kossoff 
and Garrett, 1972; Kossoff et al., 1973) have achieved 
some notably successful pictures in grey scale by 
meticulous attention. to amplifier design and by 
emploving film echography without intermediate 
storage. The use of water tanks also helped to im- 
prove the quality of their pictures. 

Our department of Ultrasonic Technology has 
been very fortunate, in tts unofficial but friendly 
association with the firm of Nuclear Enterprises 





B 


11. 

Large ovarian cvst impacted in pelvis below nineteen week 

pregnancy, (A) standard; (B) grey scale. Note low lying 
placenta in the uterus above the cyst. C. 
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Ltd., situated not so very far away in the Glaswe- 
gian suburb of Edinburgh. Together we have been 
able to work out, not for the first time, the feasibility 
in clinical practice of some new project. The latest 
among these is the scan converter, for the purpose 
of grey-scale imaging. 


SCAN CONVERTER 
Hitherto cathode ray tubes have operated by 
converting electrical signals into light signals on 
the screen which can be directly viewed, but now 
we have the Lithicon storage tube whose target 15 
not a traditional phosphor but a mosaic of silicon and 
oxide. ‘This material stores signals 


silicon target 


Fic. 
Bilateral tubo-ovarian abscesses in transverse section viewed 
through full bladder, (A) standard; (B) grey scale 
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B 
Fic. 14. 


Karly pregnancy between eight and nine weeks menstrual 

age. Note fetus in the lower part of gestation sac and early 

beginnings of the placenta at the fundus (arrow) viewed 

through full bladder B in (4); (B) time-motion display of 

fetal cardiac activity obtained at the same examination. 
Width of this picture corresponds to 20 mm 


,7 
+5 


ad 


nsverse section of norn il, antero lateral placenta a 
weeks gestation, (A) standard: (n) grev scale. 


with a capacity for resolution greater than that of the originally introduced for changing the American 
iectron beam striking it, which is now more likely — 525-line television system to the British 405 or 625 
o become the limiting factor; whereas storage was line system but clearly such a scheme can produce a 
tormerly achieved on a mesh situated immediately — raster display of sav 625 lines from a random ultra- 
hind the light emitting phosphor screen. Such a sonic scan on a commercially available TV monitor. 
nesh invariably limited resolution. This silicon Not only have we now a grey-scale capability 
storage target, which cannot be viewed, is raster but we also have, as already mentioned, verv much 
scanned, as in television, by an electron gun and in greater resolution. and finally the target of a Lithi- 
nformity with this raster scan a signal can now con cathode rav tube has a peak value memorv. In 
e applied to a standard television tube in all its other words it cannot, within limits be overloaded by 
arying strengths producing at least ten shades of overwriting since, from however man positions 
discernible grey. These scan conversion units were the subject is viewed, the highest value is stored 
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Erroneous clinical diagnosis of missed abortion on account 

of continued bleeding, negative urine tests, absent Doppler 

signals, 14 weeks amenorrhoea. This figure shows partially 

separated placenta near fundus and fetal body within the sac 

(arrow), Fetal heart also picked up by time-motion scanning. 

Active pregnancy of 12 weeks diagnosed and evacuation 
operation cancelled 


and cannot thereafter be added to by further view- 
ing. This enormously facilitates the task of ultrasono- 
graphy in the hands of the inexperienced and re- 
quires appreciably less expertise. 


COMPARISON OF STANDARD STORAGE AND SCAN 
CONVERTER STORAGE SYSTEMS 

A simple diagram may explain this new technique 
as applied to sonar (Fig. 4). The next figure shows 
the effect of the technique in practice (Fig. 5). 
We are looking at the complex echoes presented by 
the fetal trunk in the case of a breech presentation. 
Along the bottom of the upper photograph (Fig. 54) 
an A-scan trace with its variable heights of echo blip 
is superimposed upon an arrested line of B-mode 
dots as shown on the right. A cursor marker has 
been superimposed on each of these two traces. It 
will be observed that the variety of echo strength 1s 
very great as shown on A-scan and yet the amount 
of information obtainable from the B-scan is equally 
incomprehensible. The grey-scale picture below 
is a considerable improvement, showing the placenta 
and the various echoes from the fetal trunk, since it 
takes into account the great difference in reflecting 
properties of the structures encountered. 

Once this technique became available we retur- 
ned to the point some twenty years ago, to look again 
at gynaecological tumour masses and ascites (Figs. 


k 





FIG. 


16. 


Secondary post-partum haemorrhage, two and a half weeks 

after normal spontaneous delivery, (A) standard; (B) grey 

scale. Note in (B) the separation of anterior and posterior 

walls of the uterus by a blood clot and strong echo near the 

top (arrow). At evacuation a small piece of placental tissue 

and bloodclot removed. Compared with (B), (A) is unintel- 
ligible. 


6, 7). This led to our becoming involved in abdom- 
inal conditions which were not strictly gynaecologi- 
cal (Figs. 8, 9, 
collect material in our own subject (Figs. 11, 12) 


10). Meanwhile we continued to 


and in particular to study the placenta adequately 
(Fig. 13). Soon, we returned to full bladder tech- 
nique studies of very early pregnancy (Figs. 14, 15) 
(Donald, 1963). Other varieties of intra-uterine con- 
tents are likewise available for study (Figs. 16, 17). 


* 
* 


Il. Donald 





l 1G 7 
C.D T normally inside uterus. (The strings 
ould not hi tound ) 


—y 


- 


| I« lh 
pine at 25 weeks. The cranial vault could not bi 
ided in tl ectional view. Note upper anterior placenta 


^M onde! vhethe r we might not be able 
Improve IDOI attempts b 


normality " 


sonar to detect fetal 
Figs.18, 19). So far we lack 
ave always admired the work of 


utero 
perience Dul 


! mpbell et ai 


(1973) who, with existing apparatus, 
e demonstrated fetal bladder filling and empty- 
it can now be appreciated that our interest in very 
irly fetal development and departures therefrom 
ind in the blighted ovum (Donald et al., 1972) has 
been enormously increased by facility 


this new 


- 


12-week fetus in occipito-posterior position 


N Ote 
A isibls 


Normal, 


ngaged in pelvis 


ribs. Heart ts 


Head 
vertebral column and portions of 
also interventriculai Note 


septum 
also diaphragm and liver 





Fic. 20. 


Normal 13-week pregnancy. It was not possible to includ 
the lower part of trunk and legs in this view 


Uhre Ol toul Vears 


ago, when working on the 
prototype NE4102 machine, we did well to produce 
| “view of the fetus at seven weeks’ gestation 


(menstrual age) and by this time we expect to be 
able to detect fetal heart movement in continuing 
pregnancy 1972). the 
grev-scale facility of the new scan converter system 
we have done better still (Fig. 20). 


(Robinson, 


However, with 


| hope that I have demonstrated some of the 
capability of a new type of pictorial representation. 
l'he hurdle of grey scaling looks as though it is at last 
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surmounted and, it should be noted, without sacri- 
fice of anatomical detail. A fuzzy, out-of-focus pic- 
ture is not a true grey-scale ultrasonogram. Linear 
clarity is just as important as ever before. 

Instead of thinking of the beginning of the end I 
am reminded of Winston Churchill’s phrase the 
"end of the beginning". 


CONCLUSION 

Sonar indeed employs a different energy spec- 
trum from that of róntgenology and the information 
yield is consequently different but the whole ever- 
increasing science and art of existing visual diag- 
nostic techniques can now embrace new horizons 
by adopting sonar not as a rival but as a comple- 
mentary discipline. Whether the world of radiology 
likes it or not it will assuredly come to recognize 
and meet the challenge in the future. 
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ABSTRACT 

A radiological] study has been made of the colon in 
64 human fetuses between 11 and 20 weeks gestation 
(64-160 mm crown rump (CR) length). A dynamic picture of 
colon development was obtained from analysis of the 
radiographs. The findings challenge textbook descriptions, 
but can be interpreted in terms of the ultimate morphology 
of the colon. According to the morphology of the proxi- 
mal (pre-splenic) part of the colon, there are three types of 
colon. In Type 1 it hes transversely, in Type 2 it is oblique 
in direction, and Type 3 has a postnatal form with ascending 
and transverse elements. Although the Type 1 predominates 
in smaller fetuses and the type 3 is most common in larger 
fetuses, there is some overlap in their distribution. The 
leocaecal junction does not descend, but actually slightly 
ascends as the fetus grows. The splenic flexure grows 
m a distinctly cranial direction, and at almost three times 
the rate of the ileocsecal junction. Thus, as the fetus develops, 
the ileocaecal junction. and splenic flexure grow further 
apart, and this determines the change from a Type 1 to a 
Type 2 colon. The divergence of the ileocaecal junction 
and splenic flexure appears to be related to different rates of 
growth in the colon, the distal (post-splenic) part growing 
almost half as fast again as the proximal (pre-splenic) part. 
The more mature (Type 3) form of colon appears to 
result from conversion of the Type 2 following early adhesion 
between the proximal colon and the second part of the 
duodenum. 


Previous studies of the development of the colon in 
the human fetus have been limited in several im- 
portant respects. These include the examination of 
formalin-hardened tissues, opening of the abdominal 
cavity with displacement and manipulation of the 
intestine, examination of only small numbers of 
fetuses and limited or no statistical analysis of data 
(Frazer and Robins, 1916; Fitzgerald, Nolan and 
O'Neill, 1971). 

The present study demonstrates how radiological 
material can be used to reconstruct dynamic aspects 
of prenatal growth and development. Detailed radio- 
logical examinations have been made of the develop- 
ing colon in the human fetus between 11 and 20 
weeks of age. The colon was examined radiologically 
in fresh fetuses less than 45 minutes after hyster- 
otomy. By making accurate. measurements on the 
unfixed and undisturbed colon within the intact 
abdomen a dynamic picture of prenatal colon 





development was constructed. The findings seriously 
challenge conventional descriptions of colon de- 
velopment as given in current embryology text-books 
(Hamilton and Mossman, 1972; Warwick and 
Williams, 1973). 


MATERIALS AND METHODS 

A total of 64 fetuses, between 11 and 20 weeks 
gestation (64-160 mm crown-rump (CR) length) was 
examined. Morphologically, each fetus appeared 
intact and without external abnormality. CR length 
was recorded with the head positioned in the Frank- 
furt plane. Radiography was performed within 45 
minutes of delivery by hysterotomy. Small amounts 
of Conray 420 were slowly injected into the rectum 
via a small-bore plastic tube inserted per anum. 
Under careful radiological control the colon was 
filled retrogradely, small but repeated amounts of 
contrast medium being injected until the colon had 
been filled as far as the ileocaecal valve (Fig. 1). 
Complete filling was verified radiologically, and at 
the same time it was confirmed that the colon had 
not been distorted during the procedure. All radio- 
graphs were taken in the antero-posterior position 
with the fetus supine, the position being exactly re- 
producible so that subsequent measurements on 
other fetuses and their radiographs could be com- 
pared. The anode-film distance was 1-2 m with ex- 
posures of 45 to 50 kV at 230 mAs, using Kodirex 
non-screen film. After radiography, the abdomen 
was opened to confirm the position of the colon as 
originally shown on the radiographs. 

The radiographs were examined from three as- 
pects: 

(1) general morphology of the colon; 

(2) total length of the colon and its proximal (pre- 
splenic) and distal (post-splenic) parts; 

(3) changes in position of the splenic flexure and the 
ileocaecal junction. 

The proximal colon was defined as that part ex- 
tending from the ileocaecal junction to the mid- 
point of the highest part of the splenic flexure, and 
the distal colon as extending from the splenic flexure 
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Measurement Points 
MeL 





FIG. 1. 


Definition of the measurement points. The distance between 

numbers 1, 2 and 3 represent the distal and proximal colon 

lengths respectively. Number 4 is the interosseous distance 

(IOD) on the interosseous plane (IOP). T10 vertebra is 
marked bv 5. 


to anal sphincter (Fig. 1). Using an overhead pro- 
jector, the radiographs were projected onto white 
card, and the outline of the colon accurately traced. 
On the tracing, measurements were then made 
of the total colon length and of its proximal and 
distal segments using à map-measuring instrument 
with an accuracy of 0-5 mm. Projection of all the 
radiographs was made at a known fixed distance so 
that magnification was constant and easily calculated. 

The positions of the ileocaecal junction and the 
splenic flexure were recorded in reference to a parti- 
cular transverse plane (see Fig. 1) 
plane (IOP—a transverse line drawn between the 
points of maximum opacity in the ossifying hip- 
bone) and in reference to the mid-line vertical 
plane passing through the spinal column. The posi- 
tions of the ileocaecal valve and splenic flexure were 
also noted in relation to the 10th thoracic vertebra. 


the interosseous 


-— 


. 


It was hoped that morphological observations on 
the radiographs might show whether colon shape 
could be related to any particular stage of gestation. 
From the measurements of position and length it 
was hoped to construct a dynamic pattern of colon 
growth, including a comparison with general longi- 
tudinal somatic growth of the fetus. 


STATISTICAL ANALYSIS 
A computer program was used to determine single 
and multiple regression equations, analyses of vari- 
ance, correlation coefficients and standard errors of 
the estimates. 


RESULTS 

Colon morphology 

There appear to be three types of colon according 
to the morphology of the pre-splenic (proximal) part 
of the colon. In Type 1 the proximal colon ts es- 
sentially transverse in position (Fig. 2A), in Type 2 
it is oblique, passing from the lower right to the 
upper left quadrant of the abdomen (Fig. 28), and 
in Type 3 it has ascending and transverse compo- 
nents (Fig. 2c). Although the transverse type pre- 
dominates in the smaller fetuses, and the ascending 
transverse type is most common in the larger fetuses, 
there is considerable overlap in the distribution of 
the three types (Fig. 3). Thus, a Type 1 colon is 
occasionally seen in a larger fetus and a Type 3 ina 
smaller fetus. Such variations are to be expected in 
biological material, 


Colon length 

The relationship between total length and matur- 
ity (using CR length as the index) is slightly cur- 
vilinear (r —0-95), but the line of best fit is described 
by the linear regression equation, y 39-66- 
1:07x (Fig. 4). Figure 5 shows that the distal colon 
grows more rapidly, by a factor of 1:4, than the 
proximal colon and that both grow linearly with 
respect to fetal maturity. 


The position of the ileocaecal junction and splenic 


flexure 


As the fetus grows, both the ileocaecal junction 
and the splenic flexure migrate in a cranial direction 
when compared with the IOP. However, the proxi- 
mal growth of the splenic flexure is considerably 
greater than that of the ileocaecal junction and is, 
in fact, comparable with vertical somatic growth 
using changes in the position of the 10th thoracic 
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rtebra as the index (Fig. 6). Due to the differences 
growth rates of the pre-splenic (proximal) and 77 
ost-splenic (distal) colon, the vertical movement 
splenic flexure is approximately three times 
pas à; . 60 

of the ileocaecal junction, the latter lagging 
hind the vertical movement of the splenic flexure. 
iddition to their vertical growth, the ileocaecal 
43 


inction and splenic flexure grow laterally, away 
from the mid-line (Fig. 7). 
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Y conventional description of colon development 
given by Hamilton and Mossman (1972). The 





crown rump length (mm) 


. Fic. 4. 
physiological herntiatiot of the primary intes- Py a 
: l'he r« lationship of human fetal total colon length to crown- 
una loop into the extra embryonic coelom OCCUTS rump length 


VIN 


APRIL 1976 


A radiological study of morphology and growth tn the human fetal colon 


colon length (mm) 
123:8 





106-54 


89:2 


719 


54-6 


37.3 
20:0 
27 j BUE | 
38 70 102 134 166 198 230 
crown rump length (mm) 
1 Distal colon length 
2 Proximal colon length 
ig.» 


Growth differences in the proximal (pre-splenic) and distal 
(post-splenic) colon are demonstrated when individually 
regressed on crown-rump length. 


during the sixth week and it returns through the 
body stalk during the 12th week. The last part to 
reduce is said to be the caecum which comes to lie 
in the upper right quadrant of the abdomen be- 
neath the right lobe of the liver. With further 
growth the caecum is described as progressively 
descending until it eventually reaches its typical 
post-natal position in the right iliac fossa. 

The important advantages of the present study 
over those of previous workers are that it was 
made on unfixed, near-viable material (within 45 
minutes of hysterotomy) and there was no disturb- 
ance of abdominal contents or displacement of 
organs which almost inevitably accompany opening 
of the abdomen. 

The conventional account of colon development 
is at variance with the present findings since it 
implies greater growth in the pre- rather than in the 
post-splenic part of the colon, whereas the findings 
in the present study are exactly the opposite. It is of 
interest that the distal colon corresponds to the hind- 
gut section of the primitive gut tube, while the pre- 
splenic or proximal part corresponds to part of the 
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Growth differences in the 10th thoracic vertebra, splenic 
flexure and ileocaecal junction in relation to fetal age. 


primitive mid-gut. Moreover, each part has its own 
separate blood supply. It is this difference in growth 
rate which causes the ileocaecal junction to lag ap- 
preciably behind the vertical growth of the splenic 
flexure in a cranial direction. Thus, as the fetus 
matures the splenic flexure and ileocaecal junction 
become increasingly further apart, not only in a ver- 
tical plane but also in a transverse direction. This 
explains the change from a Type 1, transverse mor- 
phology of the pre-splenic colon to the transitional 
oblique form of the Type 2. What determines, with 
further growth, the development of the Type 3 
colon? This type resembles the mature post-natal 
colon having both ascending and transverse ele- 
ments. It appears to result from early adherence 
between the future transverse colon and what is 
destined to become the second part of the duodenum 
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(Hamilton and Mossman, 1972). Were it not for 
this adhesion, the Type 2, oblique form of colon 
would persist. 

The conventional description of a marked down- 
ward growth of the caecum into the right iliac fossa 
is not supported by the present studies. In fact, we 
suggest the opposite happens, that is, there is some 


ascent in reference to the IOP although, because of 
the expansion of ossification in the iliac bones, the 
position of the ileocaecal junction appears to remain 
constant in relation to pelvic bones. 

The reason for the more rapid growth of the post- 
splenic part of the colon is obscure. Several factors 
may contribute. There may be traction on the 
splenic flexure by the phrenico-colic ligament which 
binds it to the diaphragm which is itself involved 
in somatic growth as the abdominal cavity enlarges. 
It may be related to the time of absorption of mesen- 
teries, that of the descending colon disappearing 
first so that the colon becomes less mobile and 
splinted to the posterior abdominal wall, there to be 
influenced by the rate of growth of the abdominal 
wall. Finally, it is intriguing to note that the post- 
splenic colon has a different blood supply (inferior 
mesenteric artery) when compared with that of the 
pre-splenic segment (superior mesenteric artery). 
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ABSTRACT 

Reversible acute renal failure (ARF) was induced in rats 
by intramuscular injection of glycerol. In these animals and 
controls, renal concentrations of !?5].]abelled sodium 
diatrizoate, injected intravenously in doses similar to those 
used clinically, were compared with the density of the 
nephrogram, subjectively assessed under carefully con- 
trolled conditions. Though a good statistical correlation 
existed between renal diatrizoate concentration and nephro- 
graphic density, individual variation was wide. At any given 
level of renal iodine concentration, nephrograms were 
judged to be denser in ARF than in controls. This was not 
due to differences in whole-body opacification or renal size, 
but was partly explained by the greater visibility of renal 
outlines on plain films in ARF. However, though at all 
doses of diatrizoate renal iodine concentrations were higher 
in controls, differences in nephrographic density were in 
general difficult to detect. 


Reversible acute renal failure (ARF), frequently 
called acute tubular necrosis, is characterized in 
most cases by severely depressed urine output. This 
appears to result from reduction in glomerular 
filtration (Oken et aL, 1966). Since diatrizoate, 
at doses used for intravenous urography, 1s excreted 
almost entirely by this route (Denneberg, 1965; 
Cattell et al., 1967; Donaldson, 1968), the appear- 
ance of nephrograms of normal density during intra- 
venous urography in ARF (Cattell ef al., 1973; 
Sherwood et al., 1974) is difficult to explain. The 
lesion induced in the rat kidnev by the intramuscular 
injection of glycerol resembles clinical ARF (Finckh, 
1957; Oken et al., 1966; Munck, 1975). Previous 
measurements of renal diatrizoate concentration in 
this experimental model recorded values which, 
over a wide range of doses, were much lower than 
those in the kidneys of control animals (McLachlan 
et al, 1974; Robinson et al., 1976). The present 
work compares visual assessments of nephrographic 
density in control rats and those in glycerol-induced 
ARF, and relates these assessments to renal con- 
centrations of diatrizoate. 


METHODS 
After weighing, 101 Wistar rats (mean weight 
198 g, range 180-220 g) were placed in individual 
metabolic cages, which allowed collection of urine 
uncontaminated by faeces, food or drinking-water. 
ARF was induced in 50 rats by the intramuscular 


injection of 10 ml./kg bodyweight of 50 per cent 
glycerol after overnight (12 hours) dehydration. 
Except for this period, all animals were allowed free 
access to tap water and Oxoid diet 41B. After 48 
hours, the animals were anaesthetized by intraperi- 
toneal injection of chloral hydrate (150-300 mg/kg 
bodyweight). The renal areas were radiographed 
using half of a rapid-processing film (Kodak RP 54), 
the other half being protected by lead. The same 
high-speed screen cassette (Dupont Cronex Hi- 
plus) was used for every animal. !??[-labelled sodium 
diatrizoate was injected intravenously over ten- 
seconds. The renal areas were again radiographed, 
using the unexposed half of the film, 60 seconds after 
the start of the diatrizoate injection and within three 
minutes of the control exposure. The same factors 
were used for all exposures: 100 mA, 0-02 seconds, 
48 kVp at 100 cm tube-film distance. Focal spot 
size was 1-2 mm. Films were automatically processed 
using a 90-second cycle. Immediately after the 
second exposure, the abdomen was opened and both 
pedicles were clamped. The kidneys were removed 
intact. The lower pole of the spleen was also re- 
moved and blood collected from the inferior vena 
cava. Tissue and plasma samples were weighed in 
capped tubes. 

Labelled diatrizoate was diluted with. non-radio- 
active sodium diatrizoate. Each animal received a 
dose of 135, 270, 540 or 1,080 mg iodine/kg body- 
weight in a volume of 1 ml.; ; equal to 0-05, 1, 2, or 
4 ml. kg o b Lak cent sodium diatrizoate Eu 
activity ore syringes De and dir iniection using à 
portable scintillation counter. The observed counts 
were corrected for self-absorption of radiation. The 
activity of plasma and tissue samples was measured 
on an automatic gamma-counter, Results, except 
where otherwise stated, are expressed as mg todine 
per gram of tissue or plasma. Renal values represent 
the mean of results for both kidneys. Plasma urea 
and creatinine were measured by a modified Tech- 
nicon method. 

Nephrograms were assessed by two radiologists 
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(PAR. and M.S.F.M.) independently on two 
separate occasions by comparing exposures obtained 
before and after diatrizoate injection. Radiographs 
were examined in random order with identifying 
marks concealed. An arbitrary scale from 0 (no 
visible nephrogram) to 3 (dense nephrogram) was 
used. The total nephrographic score for each animal 
was the sum iod dau assessments giving a id 


enin of diatittaats was aad cae on 
two occasions by both radiologists, who then agreed 
on their final conclusions. 


RESULTS | 

Table I shows numbers of animals and doses of 
diatrizoate used. Plasma urea and creatinine values 
and urine volumes and osmolalities are shown in 
Table IH. 

Figure | shows plasma and renal iodine concen- 
trations. In control animals and ‘those in ARF, the 
mcrease in plasma iodine values with dose is linear. 
This is also true of renal iodine concentrations in 
ARF. In controls, the increase in renal concentra- 
tons becomes less at the highest doses. Mean dia- 
trizoate concentrations in the spleen, expressed as 


TABLE I 
NUMBERS OF ANIMALS IN EACH GROUP 
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per cent injected dose per gram of tissue, was 
0-49 (SD 0-36) in controls and 0-48 (SD 0-33) in 
animals in ARF. 

None of the four individual scores for the nephro- 
gram in each animal differed by more than one point. 
Differences were evenly distributed among groups. 
The effect of dose on nephrographic score is shown 
in Fig. 2. In ARF, these scores increase with dose 
in a linear manner. A greater rate of increase is seen 
in control animals with doses up to 540 mg iodine/kg 
bodyweight; at higher doses a much smaller increase 
occurs. The difference in nephrographic scores be- 
tween ARF animals and controls is most marked at 
540 mg iodine/kg. 

Figure 3 compares renal iodine concentrations and 
nephrographic scores. Although correlation is good 
(r--0-81, n—101, p< 0-001), wide individual varia- 
tion exists. Correlation between scores and renal 
concentrations in ARF (r—0-83) and in controls 
(r=0 A was amiar, Figure 3 alse shows that, in 
ERE scores iin pestis with similar “renal 
iodine concentrations. These differences are shown 
in Fig. 4, in which nephrographic scores are grouped. 
In animals in ARF, 28 of 100 renal outlines were 


Effect of dose of diatrizoate on iodine concentration 
(mean + SD) in plasma and kidneys. 
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Renal and plasma concentrations of iodine compared with 
intravenous doses of diatrizoate in rats in acute renal 
failure (ARF) and controls. In ARF, the increase in renal 
iodine concentration with dose is linear. In controls, which 
at all doses have higher renal iodine concentrations, this 
increase diminishes at the highest doses, due to the diuretic 
effect of diatrizoate. Early excretion in controls leads to 
shght differences in plasma values between the two groups. 
Doses range from 0-5-4 ml. per kg body weight of 45 per 
cent sodium diatrizoate. 
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Effect of dose of diatrizoate on nephrographic score 
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Nephrographic density, scored on a scale 0-12, compared 

with dose of diatrizoate. In general, scores follow the same 

trend as renal iodine concentrations but separation between 

the two groups is much less distinct. Levels of significance 
of differences are indicated. (NS —not significant). 


Renal diatrizoate concentration and nephrographic score 
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Nephrographic scores compared with renal diatrizoate 
concentrations. Correlation is good (r=0-81, p « 0-001) 
but individual variation is wide; at renal jodine concentra- 
tions of 1-5-4 mg/g, scores range from 0 to 10. Assessment 
of nephrographic density tends to overestimate renal iodine 
concentration in ARF vis-a-vis controls (see also Fig. 4), 
but scores in ARF are generally lower than in controls. 


visible on plain films; in controls 17 of 102 were 
visible (p< 0-05, y?=4-96). Renal iodine concen- 
trations and nephrographic scores in ARF were not 
significantly correlated with plasma urea or creatin- 
ine values or with urine volumes or osmolalities. 


Discussion 

Nephrographic density is dificult to quantify 
(Doyle et al, 1967; Fry and Cattell, 1972, Sher- 
wood et al., 1974). In the present study, nephro- 
grams were assessed by comparing two radiographic 
exposures obtained side by side on the same film 
immediately before and after intravenous injection 
of diatrizoate. In this way, we were able to minimize 
the effects of variations in radiographic density not 
resulting from injection of contrast medium. Ob- 
server variation and bias were reduced by multiple 
assessments in each animal without knowledge of 
the group to which it belonged. Under these care- 
fully controlled conditions, we confirmed the statis- 
tical relationship between nephrographic density 
and renal iodine concentration assumed by others 
(Doyle et al., 1967; Cattell et al., 1967; Saxton, 1969; 
Fry and Cattell, 1972). In patients, in whom the 
conditions obtaining in this study would be difficult 
to reproduce, the relationship is unlikely to be so 
close. Even in the present conditions, visual assess- 
ment of nephrographic density as an index of renal 
content of contrast medium may mislead. For ex- 
ample, four separate assessments revealed no visible 
nephrogram in nine control animals in which renal 


Renal diatrizoate concentration (mean t SD) 
and nephrographic score. 
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Grouped nephrographic scores compared with renal dia- 

trizoate concentrations. At each level of nephrographic 

density, diatrizoate concentrations are significantly higher in 
controls. 
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iodine concentrations resembled those observed in 12 
other animals showing nephrograms of intermediate 
or high density with nephrographic scores of 5 or 
more. 

At all levels of renal todine concentration, we 
judged nephrographic density to be greater in ARF. 
This is not explained by differences in whole-body 
opacification, as indicated by diatrizoate concen- 
trations in plasma or spleen. Contrast medium in the 
renal pelvis could influence renal iodine concentra- 
tion without contributing to nephrographic density. 
However, the difference in density between the two 
groups was not reduced by excluding six rats show- 
ing pyelograms, all being control animals given the 
highest dose of diatrizoate. Furthermore previous 
work in the rat (McLachlan et al., 1974) showed no 
reduction in renal diatrizoate concentration when 
kidneys were sliced, opening the collecting system. 
Visual assessment of the density of faint opacities 
is closely linked to the sharpness of their edge 
(Newell and Garneau, 1951; Tuddenham, 1957). 
Our tendency to give higher nephrographic scores 
to animals in ARF may have been due to the greater 
readiness with which we could see their renal out- 
lines, even before injection of contrast medium. 
Marked edge-enhancement during intravenous uro- 
graphy in ARF in the rat, with dense opacification 
of an outer rim of renal tissue (McLachlan et al., 
1972), is unusual and occurred once in the present 
series. Though similar appearances are reported in 
severely ischaemic human kidneys (Frank et al., 
1974) we have no evidence to suggest that this degree 
of reinforcement of renal outlines contributes to as- 
sessments of nephrographic density in ARF in man. 
The 30 per cent increase in renal weight which oc- 
curs in ARF in the rat and in man (Bohle et al., 
1960, McLachlan et al, 1974) cannot explain these 
differences in nephrographic density. They persist 
when results are expressed as whole kidney con- 
tent, Le. mg iodine per kidney rather than concen- 
tration, Furthermore, in kidnevs with equal content, 
rather than equal concentration, it might be expected 
that smaller kidneys would appear denser; we ob- 
served the converse. 

Previous observations (Robinson et al, 1976) 
showed that in this model of ARF in the rat renal 
concentrations of diatrizoate increase with dose in 
a linear manner; in control animals this increase is 
limited by the diuretic effect of large doses. As a 
result, although renal iodine concentration is higher 
in control animals at all doses, these differences 
diminish as dosage is increased. The present study 
which, like the previous one, employed doses resem- 
bhng those in clinical use, indicates that the rela- 


tionship between dose and nephrographic density 
is similar. However, differences in nephrographic 
density between the two groups are much less dis- 
tinct, considerable overlap occurring at doses higher 
or lower than 2 ml./kg bodyweight of 45 per cent 
sodium diatrizoate. At each dose, nephrographic 
scores in ARF closely resemble those in control 
animals given half as much contrast medium. 
Notwithstanding species differences, our results 
suggest that the early nephrogram in patients in 
ARF receiving approximately 600 mg iodine per kg 
bodyweight (Cattell et al., 1973; Sherwood et al., 
1974) can be expected to be similar in density to that 
observed in normal subjects given only half this dose. 
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Book review 


Cardiac Catheterization and Angiocardiography in Severe 
Neonatal Heart Disease. By Michael T. Gyepes and William 
R. Vincent, pp. xi-- 184, 1974 (Springfield, IHlinois, U.S.A., 
Chas. C. T homas), $14. 50. 

Although there has been a great advance in the investi- 
gation of congenital cardiac disease in recent years, the neo- 
natal period remains one of the most difficult areas for 
decision and action. Errors in diagnosis are not infrequent 
and may be final. 

An informed team approach to such problems is very 
important in achieving early diagnosis and rapid action and, 
although nothing can replace practical experience, a great 
deal can be learnt from the expertise of others, provided 
that information is presented with sufficient clarity, 

The book is written “primarily for trainees in paediatric 
cardiology and paediatric cardiovascular radiology". The 
authors, a paediatric radiologist and a paediatric cardiolo- 
gist, address themselves to the problem of emergency 
diagnosis in severe neonatal heart disease and maintain 
that without early, swift and accurate diagnosis in this 
age group optimal patient salvage cannot be achieved. The 
book is divided into three sections headed simply Before, 
During and After. Hence Part I deals with the investigating 
which must precede cardiac catheterization. Part II discus- 
ses the details of cardiac catheterization, angiocardiography 
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and equipment including a brief but adequate section called 
"When to Stop” and finally Part LII relates to management 
once all the necessary information has been obtained. 

The work is clearly based on considerable personal ex- 
perience and strikes a balanced approach which those 
"immersed" in this particular field will applaud without 
reservation. It is perhaps surprising that so little attention 1s 
paid in the text to haemodynamic findings in the various 
conditions described; possibly it was felt that too much 
detail would detract from the overall value and blur the mes- 
sage. Throughout the work the clarity of description, the 
emphasis on especially telling diagnostic points and the 
informed dogmatic statements where these are most rele- 
vant all speak to the depth of practical knowledge and 
clinical grasp of the authors, 

It is perhaps a little odd that a book with this team ap- 
proach to neonatal heart disease has not been publshed 
before because the method advocated is surely the one 
practised in most paediatric cardiology centres of repute. 
Although this is the best work of its kind so far available in 
this country it is of little value to the general radiologist 
or those working for a diploma in diagnostic radiology. It 
is a specialist book for the aspiring specialist and in this 
capacity it is highly recommended. 

B. STRICKLAND. 
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ABSTRACT 

The diagnostic value of sialographic and scintigraphic 
investigations was comprred in 169 patients. 

in this group were 75 inflammatory diseases and 49 
benign and malignant tumours. 

Sialograms and scintigrams were examined by different 
physicians who had no knowledge of the clinical data of the 
patients. 

The scintigraphic diagnosis was considered correct if any 
abnormal finding was noted. The sialographic diagnosis was 
considered correct if the actual disease was diagnosed. 

In spite of the less stringent requirements for a correct 
scintigraphic diagnosis the sialographic technique was 
found to be superior. Radioactivity uptake curves over the 
salivary glands did not improve the scintigraphic diagnostic 
accuraev, 





Sialography is the usual atraumatic radiological 
method for the evaluation of salivary gland disorders 
(White, 1974). Technetium scanning of salivary 
glands, introduced by Börner, has been recom- 
mended as a simple method with reasonable 
diagnostic accuracy (Bórner et aL, 1965; Gates, 
1972). 

The following study was designed to examine the 
diagnostic value of each of the two methods using an 
independent interpretation of scans and radiographs 
of various abnormalities of salivary glands. 


MrTHODS 
Sialography 

Water soluble contrast medium (0-5-2-0 ml. 
Urografin®, iodine content 370 mg ml.) was 
used in about 50 patients with suspected obstruc- 
tton of the major duct. Oily contrast medium (0-5— 
1-5 ml. Lipiodol?, iodine content 480 mg ml.-!) 
was used in the remaining cases. 

Serial spot films were obtained under fluoroscopic 
control during the injection of the contrast medium, 
during parenchymal opacification and after evacu- 
ation. Spot films were exposed at 105 kV to reduce 
the contrast of superimposed bone structures. 


Technetium scanning 
One mCi of 99TemO, was injected intravenously. 
Immediately prior to the administration of the 


nuclide 0-5—1-0 mg of Atropine was given to reduce 
the background activity in the oral cavity by decreas- 
ing the salivary secretion. 

Sequential scintiphotos (Pho-Gamma III, Nu- 
clear Chicago, straight bore collimator, model 
812 780) were obtained with 50,000 counts at 20, 60 
and 120 minutes after the 9°Tc™QO, injection. Addi- 
tional high efficiency views with 400,000 counts 
were taken when abnormalities of the glands could 
be palpated (Fig. 1). 

Using a video-recorder, the uptake was registered 
within the abnormal and contralateral normal gland 
in 65 patients during the first 30-60 minutes after 
the 99TcmO, injection. Two identical regions of 
interest covering the area of the glands were em- 
ployed. These regions had been calibrated under 
constant geometrical conditions with a 57Co refer- 
ence source at a distance of three metres. The 
impulse rates in both regions did not differ bv more 
than 0-5 per cent, The regions were positioned over 
the individual glands when the entire examination 
was played back from the video-recorder. The 
counts were transferred to a linear integrating rate- 
meter connected to a two-channel pen recorder 
(Fig. 2). 

For rectilinear scanning, a Magna Scanner 
(Picker) or a Scintimat II (Siemens) were used. 
Both scanners were equipped with low energy 
honeycomb collimators (Picker, model 2111A and 
Siemens, model T II). Colourscans were obtained in 
the frontal, right and left oblique projections 30 
minutes after an injection of 99'T'emQ,, 

A blind test was performed to assess the clinical 
value of the sialographic versus the scintigraphic 
procedure. One physician (G.L.), experienced in 
sialography, examined all radiographs. Another 
physician (M. W.S.), experienced in nuclear medi- 
cine, examined all scintiphotos and colourscans. 
Neither physician had any clinical information re- 
lating to the patients. 

The sialographic diagnosis was considered correct 
if it was correctly attributed to one of the following 
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right oblique frontal left oblique 
400,000 Imp./217' 400,000 Imp./264^ 400,000 Imp./272° 
Fic. 1. 

High efficiency views of salivary glands 20 minutes after injection of one mCi of 9"Tem);, 
demonstrating absence of uptake by the right submandibular gland secondary to chron 
sialolithiasis. 

Seventy-eight cases, including all tumours and 
— - - -e — — -— =a —- - . t K - 
| p" a l.l. secondary gland changes, were confirmed by 
Ne . E 
— F. =! š Ma | | histology. In 91 cases the clinical course was con- 
/ "i . d . ‘ "m" 
E V a ht sistent with the suspected diagnosis. ‘These cases 
| TH are listed in Table I. Twenty-two cases were 
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Fic. 2. 


Uptake curves of salivary glands seen in Fig. 1. In contrast 

to the uptake curve of the left submandibular gland (A), 

there is no difference between oral background activity 
(c, D) and the right submandibular gland (B). 


tumour, cal- 
infiltration or 


categories of diseases: inflammation, 
culus, changes (trauma, 
displacement). 


The scintigraphic diagnosis was considered correct 


secondary 


if any abnormal finding was noted. 
A further attempt 
diagnostic value of the sequential scintiphotos by 


was made to increase the 
recording uptake curves from each gland separately 


and to detect differences by integrating these 


curves, 


PATIENTS 
From the local ENT-clinic (W.W.), 191 patients 
were referred with suspected salivary gland diseases. 


excluded from the study as the suspected diagnosis 
could not be substantiated. 


RESULTS 

By the accepted criteria, sialograms were correctly 
interpreted in 80 per cent and scintigrams in 67 per 
cent of all cases. The various types of isotope uptake 
are demonstrated Table II. 
correct diagnoses was raised to 93:5 per cent in 
sialograms (including six technical failures) and 
86-4 per cent in scintigrams, when the clinical infor- 


The proportion of 


mation was taken into account. 

Uptake curves of normal and abnormal glands 
are compared in Table III. The 
statistically The ratio of 
in glandular tissue to the background of the neigh- 
2-1 for the parotid gland and 


differences are 
significant. radioactivity 
bouring tissues was 
1-9 for the submandibular gland. 


DISCUSSION 

Examination of the salivary glands by sialography 
reveals the detailed morphology of the duct system. 
Scintigraphy appears to be a useful procedure to 
evaluate the functional status. 

The present study was designed to explore the 
diagnostic value of these two methods. The require- 
ments for a correct scintigraphic diagnosis were 
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TABLE I 
DIAGNOSTIC ACCURACY OF SIALOGRAPHY AND SCINTIGRAPHY 






















































| uu Correct sialographic Correct scintigraphic 
i Diseases interpretations | A anterpretations 
| 1. Inflammation 71/75 
| (acute, 4 : — 18; Prone 53) 
11/11 
| 
indifferentsldd e car 
T leat etait pth gang MU RU a acd e a P 
i 
| 3. Benign tumours 
| Pleomorphic adenoma 23/23 
| Warthin’s tumour 9/10 
Others 4/5 
| (adenoma, 2; intraglandular epidermoid cyst, 2; 
epithelioma, 1) 
| earma emae E AEA A OA O O A OOOO EE, OES 
| 4. Calculi 30/33 
5. Secondary capes. of the dandas | 10/12 
| S T by tumour, trauma and inflammation, 
i 7; infiltration and metastases of other primary tumours, 
4; sequelae of radiation therapy, 1) 
TABLE H 
PATTERNS OF ISOTOPE ACCUMULATION IN VARIOUS DISEASES 

Benign tumours Secondary 
| | | : changes 
| | Inflam- Malignant | Pleomorphic | Warthin's of the 
| Diseases mation tumours adenomas tumours | Others | Calculi glands 
i pes Se ee seminaries E ENARA OE Eee ip abana RIT Pues : READER T 
| Patterns of uptake | 75 23 12 
| (comparison of individual 
| glands) | 
, i. Equal uptake 13 1 2 
| 2 . Increased uptake | 36 8 4 
H 
i^ Wana A ANNALARA LIRA aNd adamant MRNA Dirt rn anpaayuryanamn am TPEUPETTVEDEETE 
| 3. Decreased uptake | 19 5 5 
| 4, Enlargement | 5 — 1 
ARNEE N A E IAEA ORE NTR D TORO: MCPS NS sates uL Pp 
| ! 
| 5. Retention — 1 mne 

6. F ‘lling-defect 2 8 — 
| 7. No uptake sies | as S is 





TABLE HI 


AÍEAN VALUES AND STANDARD DEVIATIONS OF THE RELATIVE DIFFERENCES OF THE UPTAKE CURVES OF NORMAL AND ABNORMAL 
PAROTID AND SUBMANDIBULAR GLANDS 








| ‘Parotid glands Submandibular glands 

be a - " 

| Normal [ Abnormal Normal Abnormal p 

| f= 13) : (0 (n=22) | = (n= 10) (n= 20) RS 

| 1:0407 2641-6 «0-005 1-0+0-7 2441-5 «50-005 
i 
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considerably lower than for the correct interpreta- 
tion of sialograms. Nevertheless there were only 
86-4 per cent correct diagnoses with scintigraphy 
but 93-5 per cent with sialography. Gates (1972) 
found a similar proportion of correct scintigraphic 
diagnoses. Criteria for a correct diagnosis however, 
were not stated. We also attempted to relate the 
pattern of radionuclide uptake to several categories 
of diseases. In benign tumours, a preponderance of 
increased uptake was noted in nine out of ten 
Warthin's tumours. This finding corroborates the 
results of several investigators (Stebner et al., 1968; 
Abramson et al., 1969; Münzel, 1970; Gates, 1972). 

The remaining benign tumours did not exhibit a 
predominating pattern of isotope uptake. 

In the majority of malignant tumours, decreased 
uptake and filling defects were observed. These 
results support, to some degree, the conclusion of 
Gates (1972), that scintigraphy is useful for the 
detection of occult neoplasms and the differentiation 
of benign and malignant tumours. 

Schall et al. (1972) found a significant difference 
between uptake curves of normal and abnormal 
glands. Our comparison of normal and abnormal 
uptake curves, with a larger number of patients, is 
consistent with these results. 

Objections to the diagnostic relevance of isotope 
uptake curves are based on differences in the size of 
individual glands (Ericson, 1972). 


Book review 


Tomography of the Temporomandibular Joint. By Olof 
Eckerdal, pp. 107, 1973 (Acta Radiologica, Supplementum 
329). (Stockholm), 'Sw.Kr.40. 

This work is essentially a critical analysis of the tomo- 
graphic image of the cadaver specimen of the mandibular 
joint in the closed-mouth position, and a carefully-assessed 
correlation between the image and histological sections in a 
three-dimensional system. 

The material examined consisted of 27 autopsy speci- 
mens, carefully frozen to avoid distortion, and set up in a 
reference system visible in both radiographs and in his- 
tological sections. 

The work goes into great detail over the correlation be- 
tween the hypocycloidal tomographic image and joint ana- 
tomy, with particular reference to distortion phenomena and 
false images due to the blur pattern. 


2 


Differences in individual gland sizes mav further 
influence the results obtained with uptake curves in 
combination with clearance studies (Lind and 
Sóderborg, 1970). The diagnostic value of scinti- 
grams, therefore, cannot be improved by additional 
recording of uptake curves. 
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Analysis of the parts of the joint accessible for diagnosis 
by tomography shows that under favourable circumstances 
the central two-thirds of the joint region is clearlv re- 
produced. Medially and laterally there are zones of increas- 
ing blur. These zones are shown to be broader medially, 
largely because of superimposition from the base of the skull. 
The author states that blurring is not only due to superim- 
position from lateral or medial extra-articular parts, but also 
to geometric-morphologic factors within the joint. Tomo- 
graphic layer thickness, distortion, superimposition of 
incompletely blurred entities, spurious images and detail 
reproduction have been investigated. 

'This work should certainly be consulted by the radiolo- 
gist faced with difficulty over the interpretation of the 
tomographic images of the anatomy of the mandibular 
joint. W. CAMPBELL. 
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ABSTRACT 

A computerized subtraction technique has been described 
to measure regional cerebral blood volume (rCBV) using the 
EMÍI-5cannerin a group of 13 patients. Sodium iothalamate 
was injected intravenously (1:75 ml/kg) to increase the 
absorption of X rays in the cerebral circulation. Significant 
regional differences in CBV were shown, values in the fron- 
tui and temporal regions being lower than the mean hemi- 
sphere value (4-9 -0-7) and higher in the occipital region. 
The left hemisphere showed a significantly higher CBV 
when compared with the right. Measurements of CBV in 
the cortex showed no regional variation, but the mean 
cortical value of 6:0 - 1-8 was significantly higher than the 
hemisphere mean. 


Regional cerebral blood volume (rCBV) is difficult 
to measure bv non-invasive methods. Grubb et al. 
(1973) used a method involving the X-ray fluor- 
escence of injected iodine for estimations of rCBV in 
patients in the posterior frontal region. The samp- 
hng areas, however, cannot be as well defined as is 
possible when using the EMI-Scanner. By selecting 
data from slices at diff 





'erent transverse levels in the 
head, anatomical and pathological structures can 
easily be identified (Ambrose, 1973). Therefore it 
is possible, using the EMI-Scanner, to relate rCBV 
to a particular anatomical structure. This method 
of rCBV measurement in the cortex and thalamus 
has been described in a recent communication 
(Ladurner et al, 1975). In the present paper we 
assess how the accuracy of the method might be 
improved by a computerized subtraction technique 
which can be applied to measurements both in small 
and large areas of the brain. 


METHODS 

rCBV measurements were made in 13 patients 
including four with normal EMI-scans, two patients 
with transient ischaemic attacks with normal scans, 
four cases of rnulti-infarct dementia (Hachinski 
et al, 1975), two patients with completed strokes, 
and one with a tumour. The method of rCBV es- 
tumation has already been described in detail 
(Ladurner ef al., 1975), and will only be summarized 
here. 

in the EMI-scans two cuts (referred to as 2A and 
2B) 43 and 56 mm respectively above the orbito- 


meatal line were made and repeated after the intra- 
venous injection of sodium iothalamate (Conray 420) 
in a mean dose of 1-75 ml./kg body weight. Blood sam- 
ples were taken from the contralateral arm vein at 
intervals of one, three and five minutes during the 
six and a half minute scan which started as soon as 
the injection was completed. The concentration of 
sodium tothalamate in these samples was estimated 
by a spectrophotometric method in eight patients 
(Purkiss et al., 1968) and by phantom studies using 
the EMI- Scanner in five patients. The blood iothala- 
mate concentration values were averaged to obtain a 
mean for the scanning period. rCBV was calculated 
as in the previous paper except that the EMI 
data was processed by computer. For the calculation 
of rCBV, the EMI numbers before and after the 
introduction of sodium iothalamate, its concentration 
in the blood and the patient's haematocrit were 
required. The system for processing the data con- 
sisted of a Varian 73 computer equipped with 
12K 16-bit words of core memory, a cartridge disc 
unit, a seven-track IBM compatible magnetic tape 
unit, a Tektronix 4010 terminal and a teletype. 

The outlines of the patient's skull obtained from 
the two EMI-scans were displayed on the Tektronix 
screen and the operator superimposed the two out- 
lines exactly by vertical, horizontal and rotational 
adjustments. When patients remained completely 
still, little or no adjustment was necessary for good 
superimposition. The computer then subtracted the 
pre-injection from the post-injection scan and the 
resultant subtracted picture was displayed on the 
screen. From the picture an area of any desired shape 
and size was selected using the cross hairs on the 
screen of the terminal and the computer then cal- 
culated the mean difference in EMI number for that 
area. The mean value, its SD, SE and number of 
EMI matrix cells were shown on the screen and 
printed out by the teletype. 

Figure 1 shows both a aubersctad picture and 
how the areas selected for measurement were 
standardized. Frontal (f), temporal (t) and occipital 
(0) measurements were made in the superficial layer 
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Fic. 1. 


Figure 14 shows a subtracted picture as it is displayed on the 
Tektronix screen. Figure 1B shows the areas measured. On 
the right side is the large rectangular hemisphere sample (H) 
and the three cortical samples in the frontal (f), temporal (t) 
and occipital (o) regions, On the left is illustrated the 
rectangular regional samples in the frontal (F), temporal (T) 
and occipital (O) areas. In most patients measurements were 
made in all these areas in both left and right sides of the 
brain and in two adjacent slices at different levels. 
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measurements using the EM1-Scanner 
which 
These areas consisted of 100-300 EMI matrix cells 
(1:5x 1:5» 2.9.8.7 
cm? of tissue. 


was considered to be largely grev matter. 


13 mm) representing between 
Measurements were also made in 
three areas which included both grev white 
matter (F, T, O in Fig. 15). The frontal region con- 
sisted of 650 EMI matrix cells (19 cm?), the tem- 
poral of 1,150 EMI matrix cells (34 cm?) and the 
occipital of 750 EMI matrix cells (22 cm?). Meas- 
urements of the whole hemisphere contained 2,200 
EMI matrix cells or 64 cm? of tissue. Areas con- 
taining artefacts, large sulci and ventricles were 
avoided. For each scan there were two adjacent 


and 


slices (2A and 2B) and results from the correspond- 
ing areas in each were combined to give a mean. 
both 
pheres, not only slice A and B but also data from 
the right and left were combined to give a mean 
value. In the two patients with transient ischaemic 
attacks (TIA) only the hemisphere corresponding to 
the clinical signs was included in the rCBV meas- 
urements in the group of patients with vascular 
disease. The opposite hemisphere was included in 
the normals. 


Where measurements were made in hemis- 


RESULTS 
Normals 

The rCBV results for the patients with normal 
EMI-scans are shown in Table I. The mean corti- 
cal value was 6-0 ml./100 ml. of tissue and was sig- 
nificantly higher than the mean hemisphere value 
(p—0-05). Cortical blood volumes in the frontal, 
temporal and occipital regions did not vary signi- 
ficantly from the cortical mean. CBV in the tem- 
poral cortex was significantly higher than in the 
temporal lobe as a whole (p 0-025), but this was 
not so in the occipital and frontal regions. 

The data in Table I also show there were highly sig- 
nificant differences in blood volume between lobes 
(p<0-02— < 0-005). The 
value was 4-9 ml./100 ml. which compares well 
with the mean of the three lobar values which was 
4-6 ml./100 ml. The frontal blood volume was sig- 
nificantly lower (p<0-005) than the hemisphere 
mean, as was the temporal value (p< 0:05), whereas 
the volume in the occipital lobe was significantly 
higher (p< 0:02) than the hemisphere mean. 

Table II shows relative standard deviations for 
the measurements ranging from 13 per cent in the 
temporal lobe to 26 per cent in the frontal lobe. 
One reason for the considerably higher figure in the 
frontal region is that measurement is difficult, parti- 


measured hemisphere 


cularly in the cortex because of the proximity of 
bone and its curvature. In the second line we have 
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TABLE I 
RCBV (ML./100 ML.) IN PATIENTS WITH NORMAL EM]-scans 
Mainly grev matter Grev and white matter | 
— EO —— 
No Final diagnosis Tem- | Occi- Hemi- | 
| Frontal | poral | pital Mean | Frontal sphere | 
l Dwvstortion dystonia 2:4 | 7:7 4-3 4-8 3°5 4- 5: 4:4 
2 Hem: Parkinsonism 6:6 6-4 4-4 SN 3:7 4 4- 4-5 
1 Disseminated sclerosis 2:3 5-3 6-3 4-6 2:9 3° 5. 4-4 
4 [nfratentorial tumour 7:2 7:2 6-7 7:0 4-2 5: 6: 3:1 
5 Transient ischaemic attacks 9-0 9-6 RH 9-1 5-8 s. 7. 6-3 
6 Transient ischaemic attacks 5-7 3:7 5-1 4° 3-1 4- 5: 4-6 
Mean 6-2 6:7 5-9 6-0 3-9 4-6 5-6 4-9 
SD 2:5 2-0 1:6 1:8 1-0 0-6 1-0 (0-7 











TABLE I 


STANDARD DEVIATIONS OF RCBV COMPARED WITH THOSE 
OBTAINED FROM THE REGIONAL PATTERN OF CBV IN 
THE NORMAL GROUP 





Grevy and white matter 





Frontal | ‘Temporal | Occipital 


(SD) (SD) (SD) 
Mean rCB\ i9 $6 56 
(ml 1 00 ml j ( 26)* (13)* (18)* 
Mean of 79 94 115 
hemisphere (10) (6) (9) 


pattern) 








*S 1) is the relative SD as a “., of the mean. 


expressed the regional values for each patient as a 
percentage of his hemisphere value to try to elimin- 
variation and scan to scan 


ate patient to patient 


variation. The considerable reduction in standard 
deviations would seem to indicate that these two fac- 
tors make a large contribution to the standard 
deviations in line 1 

Blood volume was compared for the right and left 
cortex and hemispheres in the four normal patients 
all of whom were right handed) in whom data from 
both hemispheres was available. The results are 
shown in Table IHI. There was a significantly higher 
left hemisphere (p< 0-02). Blood 
volume in the cortex was only significantly higher 


0-02). 


Olum in the 
n the left temporal area (D< 


Patients with cerebrovascular disease 

In the four patients with multi-infarct dementia, 
two patients with TIAs and two with completed 
trokes, abnormal areas were avoided when making 


the measurements: it was found that the lobar and 





sf 
Aer 


Fic. 2. 


Figure 2 shows the subtracted picture obtained from scans in 


| patient with a tumour in the right occipital region. Note 


how well the highlv vascular capsule of the tumour 1s 
defined. 
hemisphere CBV values were not significantly 


different from the normal group (Table IV). The 
multi-infarct dementia group, however, showed a 
blood volume 
002). On a 


regional basis, no one area was significantly differ- 


significantly higher mean cortical 


when compared with the normals (p< 


ent from the mean in its blood volume. 
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Computer subtraction in regional cerebral blood-volume measurements using the EMI-Scanner 


TABLE III 
COMPARISON OF RIGHT AND LEFT RCBV IN FOUR PATIENTS WITH NORMAL EM I-scANs 


Mainly grey matter 





Grey and white matter 














Mean Frontal | Temporal | Occipital] Hemisphere 
3-5 3-9 4-7 
(0-2) (0-8) (0-9) 
3-6 5-0 44 
(1:1) (0-5) (0-5) 


TABLE IV 
MEAN RCBV IN NORMALS AND PATIENTS WITH VASCULAR DISEASE 


Mainly grey matter 


Temporal | Occipital 
Right 5.8 
(1:1) 
Left 7:4 
(1:0) 
No. Category 
4 Normals ~- 
2 Normal h/spheres from TIA 
patients 
4 Multi-infarct dementia 
4 T.LA.-- C.S. 
*5 «0-02 


Patient with cerebral metastasis 

Figure 2 shows the subtracted picture at the 2A 
level in a patient with a tumour in the occipital 
region. Blood volume calculations gave a mean of 
16-7 ml./100 ml. for the tumour as a whole. The 
capsule showed a high volume (34-7 ml./100 ml.) 
while the necrotic tissue in the middle had a value 
of 1-3 ml./100 ml. It is of interest that the oedema- 
tous area round the tumour showed a blood volume 
of 0-4 ml./100 mL, its very low value being a good 
indication that the sodium tothalamate has remained 
in the vascular compartment. 


DISCUSSION 
Regional differences in cerebral blood volume 
have been found in patients with apparently normal 
EMI-scans. Measurements in the frontal, temporal 
and occipital lobes gave significantly different results 
di y. The pee oe in ame ae region 


Gibb et dl: (1973), B. M 10: 94), sho on an X-ray 
fluorescence method to measure rCBV in patients 
in the same area. The cortical value confirms the 
indications that CBV is higher in the cortex and 
therefore explains why the value is so much higher 
than that of Grubb et al. (1973) whose sampling 
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Grey and white matter 


aaeeea 








Tem- Occi- | Hermi- 

Mean | Frontal | poral pital sphere 
6-0 4-0 4-7 5.8 5-0 

(1:7) (1:1) (0-8) (1:2) (0-8) 
&-9* 48 48 6:3 58 

(0-9) (1-7) (1-0) (1:1) (0-4) 
6-3 43 4-9 5:4 5:1 

(2-9) (1-5) (1-1) (1:8) (1-4) 





area probably contained a mixture of grey and white 
matter. 

The cortical rCBV estimated with the computer 
subtraction technique is very close to the hand cal- 
culated result (5:7--1-6) reported in a previous 
communication (Ladurner et al., 1975), even though 
much larger areas were sampled when using the 
computer subtraction technique. 

The accuracy of the measurement is considerable 
when patient to patient variation and scan to scan 
variation are eliminated by considering the pattern 
of rCBV rather than the absolute values (Table II). 
A larger number of patients with less heterogeneous 
final diagnoses in the normal group may substan- 
tially reduce the errors in the absolute value of 
rCBV, but the standard deviations as they stand 
compare favourably with other methods. 

The greatest advantage of this method of rCBV 
estimation is its versatility. There is the possibility 
of measuring blood volume in a small localized area 
(as in a tumour), in a distinct type of tissue (cortex 
or thalamus), or in larger areas—-lobes and even 
hemispheres. Using EMI-scans and the subtraction 
technique one can compare blood volumes not only 
between pathological and normal tissue but between 
right and left hemispheres, and all these from cross 
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sections of the brain at a variety of anatomical 
levels. 
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Book review 


Stress Fractures. By Michael Devas, pp. viun-- 240 (Edin- 
burgh, London and New York, Churchill Livingstone), 
£.15-00. 

‘There can be few radiologists who have not at some time 
agonized over the problem of diagnosis in a young person 
presenting with limb pain, local swelling and accompanied 
by radiographic evidence of periosteal reaction with subtle 
underlying bone change. When this picture results from 
stress fracture, the author emphasizes that the diagnosis 
should be made clinically in the first instance, with radio- 
graphs taken for confirmation. The book is written from the 
clinician's viewpoint and after a unique experience of the 
subject following long personal association with the Middle- 
sex Hospital Stress Fracture Bureau. Mr. Devas is to be 
congratulated on the pure distillation of the essence of so 
many illustrative cases and its presentation in such a palat- 
able form. 

Stress fractures occur in normal healthy people occupied 
in normal activity, although it should be recognized that 
invariably this is of unusual nature. The immediate cause 
of bone failure is the application of a degree of muscle 
power which is dispreportionate to underlying bone 
strength. A careful history is vital, and in a medico-legal 
context, it is of considerable practical importance for 


ama Er RS IH S ar a 


radiologists to be aware that children barely old enough to 
walk can, with no injury, break the tibia or fibula. 

Individual anatomical sites subject to stress fracture are 
considered in great detail under separate chapters. A fine 
blend of comprehensive and yet practical information is 
presented, which has been perceived through the eves and 
hands of a skilled clinician. Radiologists will appreciate the 
use of radiographic ''tricks of the trade" which may eluci- 
date difficult problems when viewed in the light of clinical 
examunation. For completeness, there are two additional 
sections from the veterinary field illustrating comparative 
injuries which occur in horses and greyhounds. 

The bibliographv, which is both comprehensive and 
up to date, is given at the end of the book in a separate 
chapter. This is an attractive feature enabling continuity of 
thought for the reader without distraction. 

Considering the difficulty in demonstrating subtle radio- 
logical signs on the original radiograph the standard of 
reproduction of the illustrations is of a very high order. It is 
noted that Figures 32 and 35, showing an example of a 
healing fracture of the pars interarticularis of a lumbar 
vertebra, appear to have been inadvertently transposed. 

The book is warmly commended to every radiologist who 
is concerned with the diagnosis of this type of problem. 


W, M. PARK. 
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Regional blood flow in human tumours with special 
reference to the effect of radiotherapy" 
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Central Hospital of Central Finland, SF-40620 Jyváskylà 62, Finland 


(Received Tune, 1975) 


| ABSTRACT 

Blood flow in 41 superficial tumour nodules, of which 
nine were lymphomas, nine anaplastic carcinomas and 23 
differentiated malignomas was measured using the !??Xe- 
clearance method. The lymphomas showed statistically 
higher blood flow (38-4 ml./min/100 g) than anaplastic (11-4 
ml./min/100 g) and differentiated tumours (13-7 ml./min/ 
100 g). After one week of radiation treatment the mean blood 
flow in anaplastic carcinomas was higher than the initial 
value, After an interval following the end of the radiation 
treatment the circulation diminished significantly compared 
with that observed immediately at the end of radiotherapy. 
The size of the tumours did not correlate with the blood 
flow. 
The effect of irradiation depends on the oxygen 
concentration of the tissue (Gray et al., 1953; 
Thomlinson, 1967). The main factors in the main- 
tenance of oxygen tension are the vascularity, oxy- 
gen consumption and blood flow. The radiotherapy 
of tumours causes changes in the blood flow. Several 
workers have made microangiographic and histo- 
logical studies on the effect of radiation on tumours 
and have studied the oxygen tension in tumours In 
the course of radiotherapy (Badib and Webster, 
1969; Horn et al., 1974; Gump and White, 1968; 
Kallman et al., 1970; Reinhold, 1971; van Putten 
and Kallman, 1968; Du Sault, 1969; Kruuv et al., 
1967). Only a few authors have examined quanti- 
tatively blood flow in tumours. The !3?Xe-clearance 
method offers an easy and quantitative method for 
the measurement of perfusion especially in super- 
ficial tumours (Tanaka, 1974; Bru et al., 1970). 

The purpose of this work is to elucidate the blood 
flow in different types of superficial tumours in 
man using the !33Xe-clearance method. The changes 
in flow were measured during and after radiotherapy. 
The correlation of the perfusion rate with the tumour 
size and radiosensitivity are considered. 


MATERIAL AND METHODS 
Forty-one superficial tumour nodules in 32 pa- 
tients were measured. The tumours were classified 
under three types: lymphomas, anaplastic carcino- 
mas and differentiated malignomas, The tumours 
studied are listed in Table I. Histological verifi- 
cation was made in all cases. 


*Read at Congressus tertius societatis radiologicae europaeae 
Edinburgh, June 26, 1975. 
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The radiation treatment to the nodule area was 
given in 23 cases with a 99Co-unit (Siemens Gamma- 
tron 3), in four cases with 10 MeV electrons from 
a betatron (Medical Betatron B5-25) and in two 
cases with X rays. The irradiation was given in five 
fractions per week; the weeklv dose varied from 
1,100 to 3,000 rads. Some patients had, in the course 
of the radiation period, a two to three weeks rest 
interval. 


133 Ve measurements 

133X e dissolved in 0-9 per cent saline was used as 
a tracer (half life 5:3 days; gamma ray energy 81 
keV). A volume of 0-1 ml. (100-200 Ci) was slowly 
injected (needle No. 20) into the middle of the no- 
dule studied. 'T'he rate of disappearance of the tracer 
was followed for 15-20 minutes with a collimated 
Nal(TI) scintillation detector. The counts were 
registered in digital form with a multichannel ana- 
lyzer (DIDAC 800). The channel width used was 
10 seconds and the diameter of the measuring field 
was 10 cm. 

A minicomputer (NOVA 1220) was used in the cal- 
culations. A two-exponential curve (Ae-kit-- Beckat) 
was fitted to the measured counts using the iterative 
least squares method. À typical curve is presented 
in Fig. 1. The local blood flow was calculated from 
the equation 


where the terms kı and As are the dissappearance 
rate constants and A and B the corresponding scale 
constants for the exponential terms. The factor A 
is the partition coefficient (100 ml./100 g) (Tanaka, 
1974) between nodule tissue and blood. The parti- 
tion coefficient depends strongly on the fat content 
of the tissue and slightly on the haematocrit. This 
can cause an error in the absolute results. When 
following the blood flow changes during radio- 
therapy in same patients this systematic error, 
however, has only a slight significance. 

'The Xe-clearance method used here is easy and 
applicable to blood flow measurements in super- 
ficial tumours. The reproducibility of the method 
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nents. The disappearance rate constants ki, g= 


Ti, 2 


is adequate (about +-2 ml./minute/100 g). It must be 
noted, however, that the clearance method gives the 
blood flow value locally from the site of injection. 
In tumours there can be differing circulation in dif- 
ferent parts of the nodule. For example, Xe-injec- 
ton into the necrotic centre of the tumour shows 
iow circulation compared with the mean blood flow 
of the nodule. | 

In the statistical analysis the t-test was used. 

The !3?Xe measurements were made before the 
radiotherapy and in 28 cases after one week's treat- 
ment, in 20 cases after two weeks' treatment and in 
17 cases after three weeks’ treatment. Fourteen 
measurements were made one to three weeks after 
the ending of radiotherapy. 


RESULTS 

Figure 2 shows the individual flow values in 
different tumour types. The mean blood flow was 
384-143 mi. /minute/100 g in lymphomas, 11:41 
5:1 mL/minute/100 g in anaplastic tumours and 
13-7 4-9:0 ml./minute/100 g in differentiated malig- 
nomas. Thus there was a highly significant higher 
blood flow in the lymphomas than in the other types. 
in the anaplastic and differentiated groups 11 nod- 
ules were in areas of earlier irradiation or of surgical 
operation. The blood flow in these nodules (11-7-+- 
4-7 ml./minute/100 g} was lower than in nodules in 
intact regions (13 44-80 ml./minute/100 g) but the 
difference was not statistically significant. 

There was no significant correlation between the 
size and the local blood flow of nodules. In the 
anaplastic group there was a significant (p< 0-01) 
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Blood flow values in different tumour groups. The mean is 
marked by m. 


increase in the blood flow values after one week’s 
radiation (Fig. 3). In the other groups these changes 
were not significant. After two weeks’ irradiation no 
clear changes were found when compared with the 
flow values before the radiation. 

In 14 patients the blood flow was measured after 
the end of the radiation treatment (Fig. 4). In eight 
cases there was a clear decrease in blood flow. 
In three nodules there was only a slight decrease and 
in three a slight increase. The mean decrease (from 
27:6 to 16-1 ml./minute/100 g) was 42 per cent, which 
is statistically significant (p< 0-01). 

Figure 5 represents the initial blood flow values 
(before the radiation) compared with the time when 
the nodule was diminished to 37 per cent (1/e) of its 
initial volume. There seems to be a negative corre- 
lation between the initial flow values and regression 
time. The lymphoma data, however, may be part of 
a different nodule population having a higher blood 
flow and conclusions relating regression and blood 
flow are uncertain. 

The changes in the blood flow during the radiation 
treatment did not correlate with the regression of 
the tumours. 
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Blood flow in anaplastic carcinomas before (A) and after (B) 
one week’s treatment. The mean is marked by m. 






+ = lymphomas 


& = anaplastic 
carcinomas 
o = differentiated 


malignomas 
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Blood flow values at the end of treatment period and 0-5-4 
weeks later without irradiation. 


DISCUSSION 
Most of the studies concerning blood flow in 
tumours have been performed in animals. In this 
work the measurements have been done entirely on 
human tumours. Therefore, the measurements are 
restricted to the superficial nodules. There was a 
distinctly higher blood flow in the lymphomas than 


Blood flow 
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The dependence of regression time of tumours (diminishing 
to 37 per cent of the initial size) on blood flow before 
irradiation: 
I in less than one week; 
II in one to two weeks; 

III in two to three weeks; 

IV in over three weeks or only slight regression, 
lymphomas (@); other malignomas (©). m marks mean value 

of each group. 


in the other tumours (anaplastic and differentiated). 
This result agrees with some single observations of 
Tanaka (1974) and Bru et al. (1970). 

Nodules which were in previously irradiated or 
operated areas had lower circulations than nodules 
in intact areas. Obviously the scar formation in the 
tumour bed caused a small decrease also in tumour 
circulation. 

The size of the nodules did not correlate with the 
blood flow values, which contradicts the results of 
Tanaka (1974). In Tanaka's work, however, the ex- 
perimental tumours measured were clearly smaller 
than the human tumours studied in the present 
work. 

Badib and Webster (1969) measured pOg values in 
tumours during the course of radiotherapy. In their 
work there was a constant increase in pO» to the 
fourth week of radiation. The blood flow changes in 
our work seem to be in agreement with the pOs 
measurements of Badib and Webster in the first 
week of radiation. During and after the second 
week, however, there was no increase in the blood 
flow values. 

After the end of the radiation treatment there was 
a decrease in the rate of perfusion. The decrease was 
greatest in the cases where measurements were made 
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TABLE I. 
‘TYPES AND ORIGINS OF TUMOURS STUDIED 


esterne 





pee 










Number 
$ > » 
| of patients | of nodules 
| Lymphomas 
| Lymphosarcoma 
Reticulum cell sarcoma 
Malgnant lymphomas 


Histological "diagnoses" 


bM dis 
Lad € 1n 





Anaplastic carcinomas 

Cancer of the lung 2 
Cancer of the thyroid 2 
Cancer of the prostate 1 
Cancer of the breast 1 
Cancer of the pancreas 2 
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Exfferentiated malignamas 
Lhfferentiated squamous cell 
carcinoma of the lung 5 
Adenocarcinoma of the breast 7 
| Adenocarcinoma of the colon 1 
| Adenocarcinoma of the prostate | 1 
Adenocarcinoma of the parotid | 
glard | 


DAENNA eq PA OS BU Mery Bri Det en Te NA tereti BAMPTON CFE NY od dle i SEAS ANM ETA 


: Follicular carcinoma of the i 
thyroid 1 1 | 

| Metastatic malignant mela- | 1 1 

noma 


stai et RIA AED TENA A PE 
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a week after the end of irradiation. From measure- 
ments performed three weeks after, or later, it was 
found that the circulation was nearly the same as at 
the end of radiation. It seems that during the first 
stage after the end of treatment the degenerative 
vascular process continues but this is followed by 
recovery later. 

Carcinomas which arise in scar tissue, cvstic 
tumours, recurrent tumours, after irradiation or sur- 
gical operation, and large tumours are radioresist- 
ant and show low tumour blood flow. The changes 
in the vascular system after or during the course of 
irradiation can obviously influence the effect of the 
administration of anticancer drugs. It seems impor- 
tant to increase (with different agents or fraction- 


ation modes) the blood flow within tumours, in order 
to improve oxygenation and enhance the effects of 
chemotherapy and radiotherapy. 
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ABSTRACT 

A non-invasive steady-state method for studying the 
regional accumulation of oxygen in the brain by con- 
tinuously inhaling Oxygen-15 has been investigated. Oxygen 
respiration by tissue results in the formation of water of 
metabolism which may be considered as the “exhaust 
product” of respiration. In turn the steady-state distri- 
bution of this product may be related to that of oxygen 
utilization. It has been found in monkeys that an appreci- 
able component of the signal, recorded over the head during 
the inhalation of !?Os, is attributable to the local production 
of 15O-labelled water of metabolism. In man the distribu- 
tion of radioactivity recorded over the head during !?O»s 
inhalation clearly relates to active cerebral tissue. Theore- 
tically the respiration. product is linearly dependent on 
the oxygen extraction ratio of the tissue, and at normal 
cerebral perfusion it is less sensitive to changes in blood 
flow, At low rates of perfusion a more linear dependence on 
flow is shown. The dual dependence on blood flow and oxy- 
gen extraction limits the interpretation. of the cerebral 
distribution obtained with this technique. Means for ob- 
taining more definitive measurements with this approach 
are discussed. 


The use of a y-emitting radioisotope of oxygen, 
detectable external to the body, makes possible a 
non-invasive means for studying the regional ex- 
traction of oxygen in the brain. In this context we 
have investigated the use of cyclotron produced 
Oxygen- 15. This is the longest-lived y- emitting 
isotope of oxygen, and decays by positron emission 
with a radioactive half-life of 2-1 minutes. Injec- 
tion of 15Q-labelled blood into the carotid artery 
has previously been used to provide accurate meas- 
urements of the regional utilization rate of oxygen 
in the human brain (Ter-Pogossian et al., 1970; 
Ter-Pogossian et al, 1971; Carter et al., 1972; 
Raichle et al, 1975). However, this method has 
limited clinical application since it is invasive and 
is performed while the subject is in a somewhat 
abnormal physiological condition. Furthermore, it 
rests on measuring the extraction of 150 in a single 
passage, together with blood flow by washout, fol- 
lowing the injection of H2!5O. It is impractical to 


make such measurements with high spatial resolu- 
tion, since currently available imaging devices have 
an inherently low sensitivity to the 511 keV anni- 
hilation emitted by 150. In addition, clearance 
methods have a poor resolution for areas with low 
perfusion. A further disadvantage is that tomo- 
graphy by y-ray emission (Chesler 1972; Ter-Po- 
gossian et al., 1975) demands a steady state. In order 
to overcome these limitations we have considered an 
alternative approach, namely that of continuously 
inhaling 150o to equilibrium, and recording the 
resulting steady-state distribution of radioactivity 
deposited within the brain. 


THEORY 

During the tissue respiration of oxygen, hydrogen 
is donated to produce water of metabolism. Thus 
the steady state observed while continuously in- 
haling 190» may be equated to the local production 
of H150 under a condition of "dynamic equili- 
brium” (Jones et al. , 1974). The water of metabolism 
can be considered as the "exhaust product" of oxy- 
gen respiration. Hence the distribution of !5O-la- 
belled water of metabolism (H3!9O,,, ), as observed 
externally, can be related to that of oxygen uptake. 

The steady state H Omer, in the tissue repre- 
sents a balance between the formation of Ha #0 net., 
due to utilization of 15O, and the disappearance of 
this respiration. product through radioactive decay 
and tissue wash-out by blood flow; 


Ca — C; TT 2x 
(Ca TU mi) * Ca* £ F-(A4-FIV) HO pner. 

Where Ca and C, are the arterial and venous 
concentration of stable oxygen, Ca* the arterial con- 
centration of 150, F the tissue blood flow, F the 
tissue volume and A the radioactive decay constant 
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tian ratio for the tissue. Thus, at equilibrium, the 
*50-labelled water of metabolism 1s proportional to 
the utilization rate of 190 (flow x extraction ratio x 
arterial! concentration), and inversely dependent on 
radioactive decay and tissue washout by flow. 
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The theoretical relationship between 215HOmet, 
and blood flow for different tissue oxygen extraction 
ratios 15 shown in Fig. 1. 

At values of perfusion. (F/V) which are low, 
relative to the rate of radioactive decay, the H2150 met, 
signal has a linear dependence on oxygen extraction 
and blood flow. However, within the normal range 
of cerebral blood flow (0-5-0-55 ml./g/minute) 
the He Omer, signal is somewhat insensitive to per- 
fusion and linearly dependent on the oxygen extrac- 
tion ratio. Under these conditions the distribution of 
radioactivity in the brain principally reflects the 
distribution of the extraction ratio for oxygen rather 
than oxygen utilization. The regional extraction ratio 
is of interest since it represents the balance between 
the supply and demand for oxygen in the tissues. 

In addition to the locally deposited H2150 met, 
there will be two further principal contributions to 
the count-rate observed over the head. 19O-labelled 
red cells will be present, but this component will 
be relatively small since the vascular volume only 


constitutes approximately 4 per cent of the paren- 
chymal tissue volume (Phelps et al., 1973). In ad- 
dition, there will be a significant level of H2!5O 
recirculating to the brain following its production 
in, and elution from, other body tissues, The 2:1 
minute half-life of 150 and the large dilution cap- 
acity of the peripheral tissues of the body, will sig- 
nificantly restrict the concentration of H2!5O in the 
recirculating blood relative to that generated in the 
highly metabolicly active cerebral tissue. 


METHODS AND RESULTS 
Animal studies 

Tbe relative magnitudes of the secondary cere- 
bral components were determined in monkeys by 
simulating the respective backgrounds. That due to 
19Q-labelled red cells can be simulated by breathing 
C!5Q which is taken up in the body solely by the 
red cells. The background due to recirculating H245O 
can be simulated by breathing C150, since the 190 
rapidly exchanges with 160 in blood water. (West and 
Dollery, 1962). For this purpose the monkeys were 
anaesthetized and paralyzed with Flaxidol to control 
breathing on à respirator into which the radioactive 
gases were piped. During the continuous inhalation 
of 150, ClO and Cl5Oo, equilibrium count-rates 
were recorded over the head with a scintillation 
probe. These were related to the activity in the cor- 
responding arterial blood samples. The contribution 
to the total head count due to the local production 
of He Omer, during !*Osinhalation was extracted by 
measuring the concentration of 19O on red cells and 
that of H2!5O in the arterial blood and using the 
appropriate relationships between count-rate over 
the head and concentration in the blood measured 
during the inhalations of C150 and C190,. 

In four anaesthetized monkeys 70 per cent of the 
total count-rate measured over the head was found 
to be attributable to the locally generated H2O mer, 
The !*?O-labelled red cell component contributed 
10 per cent and the remaining 20 per cent resulted 
from recirculating H$!9O. The relative strength of 
the cerebral respiration product He®Ome. was 
found to be encouraging, especially as the animals 
were studied under a state of general anaesthesia 
with probably a lower rate of cerebral metabolism 
than when conscious. Furthermore, in adult man 
the body : brain weight ratio will be greater than 
that for the monkey. Hence the higher peripheral 
dilution and longer circulation times will result in a 
lower level of recirculating H3!90. 


Human studies 
We have carried out preliminary studies of the 
distribution. of radioactivity contained within the 
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Fic. 2. 
Equilibration of radioactivity in the brain of a normal 
man during the continuous inhalation of !9O, The measure- 
ment was repeated on six occasions over a period of four 
months, the data being normalized to the corresponding 
ten-minute count-rate. 


brain of normal man during the continuous inhala- 
tion of 1905. The multicrystal positron camera de- 
veloped by Burnham and Brownell (1972) was used 
to view the head while the subject inhaled through 
a mouthpiece. The radioactive gas was supplied at a 
rate of approximately half a litre/minute into the 
room air inlet of a two-way valve. Typically 1 mCi/ 
minute was administered. 

Figure 2 shows time activity curves recorded over 
the head of a normal subject, repeated on six sep- 
arate occasions over a period of four months. For 
normalization purposes the data obtained on each 
occasion have been expressed as a fraction of the 
corresponding head count recorded after ten min- 
utes of breathing. In general the equilibration times 
are shorter than would have resulted purely from 
radioactive decay (/-e-93399), The combination of 
blood flow, oxygen consumption and the 2-1 min- 
ute half-life of !5O results in equilibrium being 
reached after six to seven minutes of continuous in- 
halation. It is of interest to note the variability in 
the curves which may be attributed to variations in 
oxygen metabolism or blood flow. 

The steady-state distributions of radioactivity in 
the brain of a normal man while inhaling 150, 
C150% and C!5O are shown in Fig. 3. Each procedure 
required ten minutes of constant inhalation, the dis- 
tribution being recorded over the last four minutes. 
This results in a radiation absorbed dose to the lungs 
(critical organ) of 0-13 rad per measurement. The 
distributions obtained during the inhalation of 
1509 and C!5QOg are striking in that they clearly 
delineate the brain tissue, whereas that obtained 
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with C150 outlines only the vascular pool. The 
containment of radioactivity within the vascular shell 
endorses the fact that functioning cerebral tissue is 
being observed during !9O-inhalation, with little 
contribution from the !9O-labelled red cells. The 
distribution produced during the breathing of 1950» 
will, due to recirculation of H2!5O, contain within it 
a background pattern corresponding to that recor- 
ded during C!°Og inhalation. In the absence of the 
respective arterial activities an accurate subtraction 
was not possible as in the case of the monkey studies. 
However, an approximation to this subtraction was 
made by designating the activity in a section of the 
scalp to represent the recirculating H35!9?O present 
in both the 150 and Cl5Og procedures. This is 
reasonably justified in that these tissues, by virtue 
of their relatively low oxygen consumption rate, will 
have little locally generated water of metabolism 
laid down in them. It was found, by using this means 
of monitoring for recirculating H$!9O, that the sub- 
sequent subtraction of the C150 distribution from 
that for 150» simply enhanced the pattern seen in the 
raw 190$ data. This normalization, for the series 
shown, demonstrated that approximately 70 per 
cent of the total Os head count was due to the 
locally generated H5!9O,,4, This figure compares 
well with the monkey data. 

Anterior-posterior views were also recorded 
during !5O-inhalation. Figure 4 shows the results of 
focusing the camera 1n turn on four equally separa- 
ted vertical planes in the head (Brownell and Burn- 
ham, 1972). 

During !9O-inhalation, regions with decreased 
uptake of activity can be seen in the brain. Anatomi- 
cally these can be related to areas containing white 
matter and ventricles, which are known to have 
appreciably less blood flow and rates of oxygen con- 
sumption than the surrounding grey matter. 


Future extension of the method 

During the continuous inhalation of 1503, distinc- 
tive patterns of radioactivity are observed in the 
head which are clearly related to the distribution of 
functioning cerebral tissue. However, exact inter- 
pretation of these data is limited due to dependence 
on both extraction of oxygen by the tissue and the 
blood flow (equation (1)). It is possible to cancel out 
the flow dependence by using the ratio of the 190; 
distribution to that obtained while inhaling ClO: 
(Fig. 3). This follows since the steady-state H3!9O 
content of the brain produced during the inhalation 
of C190» represents the balance between the arrival 
of H319O in the blood (F.C.) where C is the con- 
centration of H150 in the arterial blood, and its 
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regional blood flow provided the geometrical factor 
The 


radioactive decay of the isotope provides a known 


is known in addition to regional tissue volum: 


perturbation from true equilibration, thus enabling 
a steady state method to be applied, for measuring 


blood flow. The necessary in-vivo quantitation re- 


quired in order to apply this principle may bye 
sible by the use of positron coincidence Imaging 
devices where geometrical factors can easilv be 


termined. 


DISCUSSION 


The distribution of radioactivity 
recorded within the head during the continuous 
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inhalation 18Q appears to offer a qualitative 
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raeans for examining regional cerebral function. 
These functional images of the distribution of oxy- 
gen uptake in the brain are theoretically dependent 
on both regional oxygen extraction and blood flow 
(equation (1)). The continuous inhalation technique 
provides a steadv state which enables distributions 
of radioactivity to be measured with good statistical 
quality using y-ray imaging devices which are in- 
herently rather insensitive to the 511 keV annihila- 
tion radiation. The steady-state method enables 
tomographic y-ray emission techniques to be ap- 
plied, thus improving the contrast in detecting focal 
defects deep within the brain. Regions of low or 
zero oxygen uptake will be seen as voids in the 
equilibrium distribution. In using single passage 
extraction and clearance techniques, such areas are 
poorly resolved, since these methods demand that 
some tracer be partitioned in that region. For clini- 
cal application the use of continuous inbalation to 
give a steady state is attractive in that it is simple, 
non invasive and enables changes of function to be 
observed since the !9O-distribution is being con- 
tinuously replenished. 

We have equated the regional signal, recorded 
during the inhalation of !?O, to the formation of 
150-labelled water of metabolism. The size of this 
locally generated respiration product when related to 
the backgrounds due to labelled red cells and recir- 
culating labelled water was found to be encourag- 
ingly high in monkeys. This is especially so since 
these animals have a lower body : brain weight ratio 
than adult man and were studied under a state of 
anaesthesia which probably caused some reduction 
of the locally generated Hz Oper, due to lower 
cerebral metabolism. 

During !?O» inhalation in normal man the 150- 
labelled red cell component, as assessed by com- 
parison to the C150 measurements, is clearly negli- 
gible. The recirculation of H10 provides a general 
tissue background which does not dominate the 
local signal. 

‘Theoretically 
regional oxygen extraction and blood flow could be 
obtained by this steady-state approach. This would 
require quantitative measurements of tissue activity 
relative to those of arterial blood. In addition com- 
plementary measurements such as recording cere- 
bral distributions during C!9»O» inhalation would be 
required. 

The study of regional cerebral metabolism by a 
non-invasive method using y-emitting tracers has 
proven to be intrinsically difficult. The use of cere- 
bral metabolites such as glucose tagged with HC 
is a viable approach. However, the metabolic path- 


more definitive measurements of 


ways open to the labelled carbon are so complex as 
to make count-rates recorded over the head prohi- 
bitively difficult to interpret. In this context the use 
of oxygen utilization as a metabolic index is attrac- 
tive in that the principal metabolic product is water 
of metabolism. 

The method developed so far does not provide 
definitive regional measurements of oxygen utli- 
zation. However, the numerous attractive features 
of this method would justify empirical clinical study 
into its usefulness in understanding focal defects in 
the brain. 
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u ABSTRACT 

"UPC? is chosen for labelling erythrocytes for vascular 
mnaging to take advantage of the physical properties of the 
ridionuchde. A new procedure is described which belongs 
to the category of pre-treatment methods using a kit. 
stannous pyrophosphate is the specific reducing reagent. 
The technique is easier than already published methods: it 
consists of adding the above reagent to 2 ml. of heparinized 
blood, waiting five minutes and discarding the serum after 
centrifugation, then adding the radioactivity required as 
SUIT CO. Labelling vield is superior to 95 per cent. 

The influence of technetium concentration of the pertech- 
netate solution on the labelling vield is evaluated and 
compensated by a slight adjustment of tin concentration 
when necessary. Inm vitro and in civo stability studies show 
that ""Tcm-Jabelled redcells are suitable for determination of 
red cell volume, spleen and placental imaging, particularly 
in emergencies and in paediatrics. 


Spleen scanning, placental imaging and determina- 
tion of red blood cell volume are mostly performed 
with red cells labelled with 9!Cr, or more recently 
with Te, The nuclear properties of 99T'e" are 
ideal for scintigraphy, and give low radiation dose to 
the patient, thus allowing repeated investigations. 

The various techniques proposed for tagging red 
cells may be classified in three groups according to 
their labelling yield: Fischer’s technique (Fischer 
ef al., 1967) which does not use any reducing agent, 
the technique of adding reducing agent after the 
Tom (Eckelman et al, 1971) and the pre-treat- 
ment technique where the reducing agent is added 
before the 9?9Tc" (Berger and Johannssen, 1969; 
Nouel and Brunelle, 1970). The last technique 
gives the highest labelling yield: more than 95 per 
cent. 

The short method we describe belongs to the 
third group. It uses a new stannous reducing agent, 
stannous pyrophosphate, which has already been 
applied (Bardy et al., 1975). 

The superiority of stannous pyrophosphate over 
the commonly-used compounds (stannous chloride 
or citrate) is due to its chemical stability especially 
at neutral pH, even at low concentration. To keep 
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this advantage, it must be stored freeze-dried under. 
nitrogen. 

As regards red blood cells, the relation between 
labelling yield and tin content has already been 
published (Bardy et al., 1975): for very low quanti- 
ties of reducing reagent (less than 0-1 ug/2 ml. of 
blood) the yield 1s poor, whilst in the case of very 
large quantities (more than 1 ug/2 ml.) three wash- 
ings of red blood cells are required before the ad- 
dition of radioactivity to eliminate the excess of tin. 

The uptake of tin by the cells is consequently 
low, less than 0-5 1g/2 ml. of blood. In our experi- 
ments, the usual quantity of tin used is 0-3 pg/2 ml. 
The labelling yield obtained was 96-5 per cent for 
95 assays (91—99 per cent). 


MATERIALS AND METHODS 
In vitro 

The reducing reagent was supplied by C.1.5. as 
TCK-11 kit. The freeze-dried mixture of stannous 
pyrophosphate, sodium pyrophosphate and sodium 
chloride was dissolved just before use in 10 ml. of 
nitrogen-purged saline, which was also supplied in 
the kit to prevent contamination by oxygen. The 
solution contained 0-6 pg Sn/ml. The 9Tc™-per- 
technetate was obtained from 99Mo/#Tc™ generator 
supplied by C. I.S. or Philips- Duphar. Inan addition- 
al experiment ?9? T'c-sodium pertechnetate was added 
to the radioactive solution to study the effect of 
carrier on labelling yield and its close relation to 
red cell tin content. 

Blood samples were withdrawn from the patient 
into heparinized Vacutainer tubes of 5 ml. or into 
syringes. Centrifugation was performed at 500 g 
for five to ten minutes. Heat alteration of 9°Tc™-ery- 
throcytes for spleen imaging was performed in a 
water-bath at 49-5°C for 20 minutes. 

Labelling procedure was as follows: after adding 
0-5 ml. of the reducing reagent (0-3 ug Sn) to the 
heparinized tube containing 2 ml. of the patient's 
blood, the suspension was gently mixed by hand. 
Centrifugation was performed 15 minutes later, the 
supernatant was discarded and the radioactive 
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pertechnetate solution (less than 1 ml.) added to the 
pre-treated cells. No subsequent centrifugation is 
necessary for spleen scanning or placental imaging. 
In the case of blood volume determination, as we 
will explain in the discussion, centrifugation, separa- 
tion of supernatant and re-suspension of cells in 
] ml. saline or in the patient's plasma are recom- 
mended. 

The data shown in Fig. 1 were obtained by adding 
1-2 ug Sn instead of 0-3 ug. The reducing reagent 
was dissolved for this purpose in 5 ml. saline instead 
of 10 ml. while 1 ml. of the reducing agent was 
used for pre-treatment instead of 0-5 ml. 


In vivo 

Placental imaging was performed five minutes 
after intravenous injection of 500 pCi of 99Tc-m 
labelled erythrocytes using a gamma-camera Pho- 
gamma III with a low-energy diverging collimator, 
manufactured by Nuclear Chicago. Spleen scinti- 
graphy was performed 15 minutes after intravenous 
injection of 1-5 mCi of heat denatured Tm- 
erythrocytes using a 5 in. diameter crystal and a 
conventional scintigraph manufactured by SAIP. 
The dose was reduced to 500 «Ci in paediatrics. 

Blood volume was measured at times between ten 
minutes and an hour after intravenous injection of 
10 aCi or 100 &Ci of erythrocytes labelled with 
31 Cr or 99'T'em respectively. 


REsULTS AND DISCUSSION 

Relation between 99 Tc carrier and tin content 

Figure 1 shows the labelling yield as a function of 
Te carrier concentration of the radioactive per- 
technetate for two values of tin content. The lower 
value allows a high labelling yield for low concen- 
trations of 99?T'c (less than 0-01 ug 99?T'c/ml.). The 
higher value is used when a relatively high 99 Tc 
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Red-cell labelling yield as a function of *"Tc carrier con- 

centration of the pertechnetate solution (ug/ml.), for two 

concentrations of tin used for pre-treatment of 2 ml. of 
blood. 


pg Tc 


TABLE I 


First elution performed 


Elapsed time between the at the calibration date 


production date and the 
calibration date of the 


generator Volumic Ve 
activity concentration 
h mCi pe mi. 
48 13-2 0-036 
74 13-2 0-052 | 
96 13:2 0-075 | 


concentration is present in the radioactive solution 
(more than 0-03 ug 9?9'T'c/ml.), a concentration which 
lowers the labelling yield if the lower value of tin 
content is used. 

In order to confirm if a generator eluate may 
contain per ml. such a quantity of 99?Tc carrier, we 
calculated (Table I), according to the elapsed time 
between the production date and the calibration date 
of a 200 mCi 99Mo-9?'T'c generator, the technetium 
concentration (ug/ml.) of the first eluate knowing 
that 1 Ci ?9 Mo corresponds to 2-1 ug. The data of 
Fig. 2 confirm the presence of 9°T'c carrier in the 
first eluate which lowers the activity of red-cell 
labelling during the preparation of a bolus. 

In our case, when the radioactivity to be fixed on 
erythrocytes is 100 «Ci to 1-5 mCi, there is no in- 
fluence of 99'T'c carrier on the labelling yield; never- 
theless, we recommend that the first eluate should 
be discarded for general labelling use. 

When one receives daily pertechnetate solutions 
instead of generators, the 99'T'c carrier concentration 
usually varies from 0-2to 0-4 ug/25 mCi. More blood 
(5 ml.) should then be pre-treated, srg the 
presence of sufficient tin (1:24 ug) for low activity 
red-cell labelling. 


Stability of labelling 
99'l'em-erythrocytes are very stable zn citro. Three 





yield 
yt 200mCi generator 
96 : 
i 
go 
| 
$0 | St uate (1m) | eluate (iml ! 
i 
i i 
4o | 
i 
20 
o O25 n5 1 LS ? ag 


Fic. 2. 
Labelling yield as a function of stannous pyrophosphate 
quantity (expressed as ug tin) and according to the eluate 
number of a 200 mCi generator. 


345 


D. Ducassou, D. Arnaud, A. Bardy, T. Bevdon, M. Hegesippe and C. Baquey 


iter ilapi Iing less than 1-5 per cent ot the 
activity is ch ired fi im the cells f 
$ A : 99°] mi rvtl — ^) : 10% d 
l a ( ervthrocvtes on Z patients 
‘ i3 ) r) 
r 5$) do not show any difference at ZU minutes 


travenous injection; however, at one hour 


litterence reaches 8-10 per cent. This leakage of 


may be reduced to som extent if 39 [om 


T Y 
LITT 


rvthrocytes art separated from the 3-4 per ceni ol 





radioactivity present just after labelling by 


entrifuging, discarding the supernatant and re- Fic. 3. 
pending the cells in saline or the patient's plasma Measured blood volume as a function of time after intraven- 
T : 99r m | uS iniection, shown as 4 per cent ol th« volume at 10 min- 
. Corie Mout tte [ inh} £ uon Of Á -Crvl ITOCA ics, ites | RT h experimental point represents the average alue 


he leak becomes stabilized of 20 determinations. 
| his leakage may be interpreted as resulting from 
ie fraction of radioactivity bound to cell membrane 
4s of labelled cells has shown the radioactivity liver radioactivity shows that labelled red cells are 
DC in tw parts, 73 97 per cent bound to 5 not altered by the treatment. G6PD determination 
in as found by others (Nouel, 1970; Dewanjee, | and haemolysis studies performed on a few samples 
1/4) and 3—5 per cent bound to stroma This assay havi confirmed the integrity of cells after labelling. 
the progressive appearance of radio This overestimation may be critical for particulai 


atv in the bladder. The fact that there is no haematological studies. Nevertheless, the tracer 1s 





placental localizations. anterior view. These images were performed 15 minutes after the intravenous in tton of 
500 uC€iI of ""em.labelled ervthrocvtes 
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Spleen scintigraphy, without any background suppression, 
(initially. coloured), anterior view, from a six-months-old 
child with a complete "situs inversus”, obtained with 500 
pCi of *""Tcem-labelled erythrocytes (0-5 ml. total blood). 


suitable for emergencies, in paediatrics and when 
repeated determinations are necessary. 


Placental imaging 

Forty-five localizations of placenta have been 
performed, all of good quality (Fig. 4). Due to radio- 
activity appearing in the bladder at 30 minutes, 
images are obtained 15 minutes after the intravenous 
injection. 


Spleen scintigraphy 

Sixty spleen scintigraphies have been performed, 
among which three were of infants aged from 6-11 
months (Fig. 5). The technique is particularly suit- 


able in these cases as it allows the labelling of 
0-5 ml. of the patient's blood. 


CONCLUSION 

In vitro and in vivo studies have shown that ery- 
throcytes labelled with 99Tc" using the described 
technique are suitable for vascular studies and 
spleen imaging. The 99'T'c" labelling is specially re- 
commended in emergencies, or when frequent blood 
volume determinations are necessary. Moreover 
the technique allows the labelling of a very small 
volume of blood (0-5 ml.) which is particularly useful 
in paediatrics. 

In conclusion, this technique, simple, rapid and 
reproducible, is recommended for labelling erythro- 
cytes and probably for all figurative blood elements. 
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Book review 


Recent Results in Cancer Research. Gliomas, Edited by J. 
Hekmatpanah, pp. 164, 1975 (Berlin, Heidelberg, New 
York, Springer-Verlag,), $23.30. 

'This book is a report of the proceedings of à symposium 
on cerebral gliomas held at the University of California in 
May 1974, and is published in the series Recent results in 
Cancer Research. 

The 14 papers by various experts in this field cover 
modern concepts of experimental tumour production both 
in vitro and in vivo, the diagnosis of human gliomas by 
neuroradiology, including the use of the EMI scanner 
and proton radiography, and their treatment by surgery, 
radiotherapy and chemotherapy. 

'The main conclusion to be gained from the symposium 
is that in spite of advances in knowledge of tumour biology 
and improvements in modern diagnostic methods, the 


prognosis for patients with malignant gliomas remains very 
poor. However, a more hopeful note is struck by Chang in a 
paper outlining some new radiotherapeutic approaches. He 
describes the search for more effective régimes of dose frac- 
tionation and the use of high-LET radiations and radio- 
sensitizers including hyperbaric oxygen, electron-affinic 
drugs, hyperthermia and hypermetabolic states. To date, 
not one of these methods has proved effective, but it would 
seem possible that a combination of these modalities may 
prove successful in the future. 

Although this book will be a most useful asset to the 
library of any department pursuing either research into or 
treatment of gliomas, it is too specialized for the more 
general reader, 


'lTHELMA D. Bares. 
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"5lodinated fibrinogen uptake in inflammatory joint disease as 
a complicating factor in the detection of deep vein thrombosis 
By W. B. van der Pompe, M.Sc., and P. H. Cox, B.Sc., Ph.D., M.P.S., A.C.T.(Birm.) 


The Department of Nuciear Medicine, Rotterdamsch 
Rotterdam-24, The Netherlands 


( Received Tune, 1975) 


ABSTRACT 

An enhanced uptake of !?9I.fibrinogen observed in the 
arthritic knee joint of a patient suspected of deep vein 
thrombosis was confirmed in a number of patients with 
inflammatory joint disease in the absence of thrombosis. 

Whilst this is a potentially serious source of false positive 
diagnoses, the possibility also exists that this phenomenon 
could be used to evaluate the degree to which active disease 
w present in the joints of patients suffering from inflam- 
ratory disease. 


The use of the fibrinogen uptake test, using fibrino- 
gen labelled with either 1235] or 131T, has proved to be 
a useful means of detecting newly formed deep vein 
thrombosis (Negus et al., 1968; Kakkar et al., 1970; 
Maas et al, 1971; Kakkar, 1972). Labelled fibrino- 
gen will tend to accumulate wherever fibrin deposi- 
tion 1s occurring and this has been utilized to evalu- 
ate renal transplant rejection (Salaman, 1972). 
Hobbs (1962) observed fibrinogen uptake in a var- 
iety of conditions in experimental animals including 
wound healing and ethanolamine induced inflamma- 
ton where a transitory accumulation of fibrinogen 
was observed. 

During the routine clinical screening for throm- 
bosis of an arthritic patient we observed a signi- 
ficant non-transitory uptake of !?5] fibrinogen in a 
knee joint with an active arthritis. This phenomen- 
on was observed in a number of other cases. 


CLINICAL METHOD 
Each patient received. 100 pCi 125] fibrinogen 
(Amersham) intravenously. The activity present in 
the thyroid, heart and legs was measured periodi- 
cally, up to 96 hours post-injection, by means of a 
scintillation detector. The detector was placed over 
the patient so that the detection field was 14x 14 cm. 
Each leg was measured from top to bottom and de- 
pending on length five or six separate regions were 
examined, The measurements obtained were ex- 
pressed as a ratio: region activity/heart activity. 
Prior to and for three weeks following the adminis- 
tration. of !?5] fibrinogen the patient was treated 
with orally administered iodine solution to minimize 

uptake of free 1?51 in the thyroid. 


Radio-Therapeutisch Instituut, Groene Hilledijk 297, 


CLINICAL OBSERVATIONS 

Case 1 

An adult female patient with no evidence of active 
inflammatory joint disease or of deep vein thrombosis of the 
lower limbs, The distribution of activity in the lower limbs 
72 and 96 hours post injection is shown in Fig. 1. The 
distribution pattern remains constant in both limbs showing 
a slight overall decrease in activity with time. 


Case 2 
An adult male similar to Case 1. The distribution of 
activity in the lower limbs 72 and 96 hours post injection is 
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Fics. 1 AND 2. Normal distribution patterns of !??1 fibrino- 
gen in the lower limbs 72 x 96 hours post-injection, 
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125] fibrinogen distribution in the lower limbs of a female 
patient with rheumatic disease in both knees 48 x 72 hours 
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1257 fibrinogen activity distribution in the knee joints of a 
patient with active rheumatic disease in both knees. 


shown in Fig. 2. Both of these patients show normal distri- 
bution patterns similar to those reported from studies of 
large groups of patients (Maas, 1974), 


Case 3 

This was a female patient with active rheumatic disease in 
both knee joints. The 125I fibrinogen distribution patterns 
in the lower limbs 48 and 72 hours post injection are shown 
in Fig. 3. A significant uptake in both knees can be observed, 
which appears to increase with time. 


Case 4 

Also a female patient similar to Case 3. Measurements 
above the knee joints show a significant increase in fibrinogen 
uptake with relation to time (Fig. 4). 
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1?5] fibrinogen distribution in various joints of a rheumatic 
patient with generalized active disease. 
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Case 3 

This female patient was of some interest because she 
presented a quiescent rheumatic left knee and a right knee 
with active inflammatory joint disease, The 1I fibrinogen 
distribution in both knees in relation to time 1s shown in 
Fig. 5. In Fig. 6 the !?5I fibrinogen distribution in various 
joints of a patient with generally active rheumatic disease 1s 
shown in relation to time. An accumulation of fibrinogen 
can be observed in the joints with active disease. 


DISCUSSION AND CONCLUSIONS 

None of the cases discussed in this report were 
suspected to be suffering from thromboembolytic 
disease and there was no evidence of it. On the basis 
of these results it is evident that the presence of 
inflammatory jomt disease can be a significant source 
of false positive results when fibrinogen is used to 
detect thrombosis. This could also be the case when 
the biological half life of fibrinogen in blood is meas- 
ured as a systemic test for thrombosis. Measure- 
ments of this parameter in the cases reported in this 
study confirmed this. In patients with active uptake 
of fibrinogen in joints a faster biological half life in 
blood was observed similar to that reported for 
thrombosis. 

It would appear that there is a possible relation- 
ship between the rate of fibrinogen uptake and the 
state of activity of the inflammatory joint disease 





Book review 


Seidel, Michael Dimitrov, and Klaus Herrmann, pp. 221, 
353 ius., 1973 (translated by Klaus Herrmann), (London, 
Butterworth and Company), £14-00. 

This book has been produced through the collaboration 
of a team of rheumatologists and radiologists from the 
People's Republic of Bulgaria and the German Democratic 
Republic. The authors obviously write from a considerable 
experience and deep understanding of the problems in 
disgnosis of the commoner arthropathies. The book is 
mamiy devoted to a large series of radiographs, each of 
which is carefully annotated. Particular emphasis has been 
placed on the illustration. of chronic forms of rheumatic 
polyarthritis and degenerative joint disease. 

Although the book is primarily intended as a radiographic 
atlas of common jomt disorders for clinicians, I feel that 
there are some aspects of presentation which require com- 
ment from a radiologist's viewpoint. The introductory and 
illustrative sections of the book are quite separate. There- 
fore, the absence of figure numbers from the text is ob- 


which could be useful for diagnosing and evaluating 
therapy. Further studies will be required to confirm 
this. 
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trusive if frequent reference is made from one part to the 
other. In some instances, a definitive diagnosis is not given 
with the illustration, even though this would appear to 
show characteristic. radiographic features. For example, 
in Fig. 12, the diagnosis of Forestier's flowing spinal 
hvperostosis could be offered in the lumbar spine of a 73- 
year-old man suffering from diabetes mellitus. The hip joints 
of a 27-year-old woman suffering systemic lupus erythe- 
matosis are illustrated in Figs. 216 and 217. Radiological 
signs are evident which should alert the clinician to the 
possibility of complicating femoral head necrosis. 

The original text has been entirely translated into English 
by one of the authors, This Herculean task has been per- 
formed with enviable skill. Occasionally, however, the 
unfortunate transposition of such words as pseudo-plastic, 
septical, hypo-alimentation and panaritium, leaves the 
reader in some doubt about the intended meaning. 

I personally feel that some of these aspects of presentation 
will detract from the value of this book to a radiological 
readership. W, M. Park, 


1976, British Fournal of Radiology, 49, 351-356 


APRIL 1976 


Method of constructing a dose-response curve for normal 


cells in situ* 
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ABSTRACT 

A method is presented for planning experiments and 
analvsing data with a view to determining in detail the 
shape of a single-dose survival curve for normal cells ex- 
posed zn situ to relatively low doses of radiation. Applying 
this method to data published on the responses of gastric 
mucosal and colonic stem cells showed that the single-dose 
survival curves for these cells were linear up to about 250 
rads, after which they bent downwards. Some applications 
of this method are discussed. 


It would be of value to radiobiologists and radio- 
therapists if the response of normal cells zm situ 
to relatively low doses of radiation could be meas- 
ured accurately. Most assay systems require rela- 
tively high doses, and it is difficult to determine the 
low-dose response of normal cells zn situ (Withers, 
1975). 

In this paper, a method for planning experiments 
and analysing data to show details of the initial re- 
gion of a dose-response curve will be presented. 


‘THEORY 
The basic idea is that, although damage from low 
doses can be detected neither by assays of colony- 
forming ability zm situ nor by arbitrary scales of 
tissue reaction, repeated low doses do lead to detect- 
able damage amenable to quantitation. 
Our method requires three assumptions: 

(1) A given amount of damage, scored by an 
arbitrary scale or a given number of colonies, 
corresponds to a particular level of cell depletion 
in the target cell population, whatever irradia- 
tion schedule is used to obtain it. 

(2) Target cells do not multiply between the first 
and last exposure, 

(3) The shape of the survival curve at the end of 
each fraction interval is precisely the same as 
the shape of the single exposure curve starting 
from zero dose. 

On the basis of these assumptions, it is possible 
to'plot the response of cells to each dose fraction and 





*This investigation was supported by NIH Research 
Grant Numbers CA-06294 and CA-11138 from the 
National Cancer Institute. 


a single-dose response curve may be constructed 
using data from a variety of multifraction régimes, 
because if the total dose required to produce a given 
level of damage in m equal fractions is Dm, the 


Dm . 1 
l is — of the final 
ny ny 


damage from each fraction 





injury assayéd. 

However, the single-dose curve derived in this 
way from multifraction experiments, using an ar- 
bitrary scale of injury, does not give the detailed 
shape of the curve. Ideally, we need to know the 
tangent to the curve at a given dose. Since this is 
not possible using such data, we must use the slope 
of a line passing through two points as close to each 
other as possible on the dose-survival curve. 

The line which passes through two arbitrarily 
chosen points on a single-dose response curve will 
be characterized by two parameters: the intercept 
dose, Dm, with the abscissa of the extrapolated part 
of this line, and Dy, the inverse of the slope of this 
line. Therefore, the relationship between pairs of 
closely spaced doses and the values of Dm and Dy 
can define the detail of a single-dose survival curve. 
Values for Dm and Dy will be calculated as follows: 

Figure 1 shows two model dose-response curves 
for multiple equal dose fractions. The vertical axis 
represents the level of damage on a linear scale or 
surviving fraction on a logarithmic scale. An arbi- 
trarily chosen level of damage produced by each 
régime of multiple equal dose fractions is shown as 1. 
Because the triangles ACG and ABD are similar, 
the Dm value of a line passing through two points 
on a curve can be determined as follows (see Fig. 1): 


Dami Da DaDa 
1/ni 
Dy —A1Dqm =o Dre —noDq, 


1/n2 


Dys—Dnui 
Hence, Dy== ————— 
no -RI 


where Dy and Dns are the total doses necessary to 
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Model survival curves for multiple dose fractions. The bendlng curve is the single-dose survival curve. The upper solid line 

is the "effective" survival curve for zz equal fractions: the lower curve is for nı equal fractions. The total doses for an 

effect (denoted as 1) are Dns given as ng fractions and Dni given as m fractions. Dm is the intercept with the zero-effect 

abscissa that results from extrapolating the segment D-G of the single-dose curve. Dn is a dose inversely related to the slope 
of the curve between D and G. 


produce a given level of damage (isoeffect dose) in 
m and ng equal fractions, respectively. 

This value, Dm, is precisely equal to the Dg 
value defined by Alper et al. (1962), if a dose-response 
curve of normal cells iw situ is of the so-called 
C-type, and if these two points are in the exponential 
region of the curve. The value of Dm is also an av- 
erage total dose increment per increased number of 
fractions required for an iso-effect when the number 
of fractions is increased from s to no. 

As the triangles AHI and DFG in Fig. 1 are simi- 
lar, the value of Da can be determined as follows: 


Dy j 1 horon l S R OAS = f MENE RO ; hence, 
up Hs | Wy Ne 


The value of Da is directly proportional to Do 
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only if the two points are in the exponential region of 
a C-type dose-response curve. — — 

The value of Dm is calculated from pairs of iso- 
effect doses, using any level of injury. A series of 
Dm values derived from various multifraction expo- 
sures may then be plotted as a function of dose per 
fraction. The resulting relationship between pairs 
of doses per fraction (for an isoeffect) and the cor- 
responding Dm value gives an indication of the shape 
of the survival curve. 

On the other hand, the value of Dp is the dose 
necessary to produce a given level of damage, and 
therefore depends on the level of damage chosen as 
the isoeffect, 

If a dose-response curve is continuously down- 
ward bending, the value of Dm would increase and 
that for Dy would decrease with increasing dose per 
fraction (see Fig. 24). However, if the curve becomes 
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Diagrammatic representation of the relationships between the shape of a dose-response curve for single exposure and 
values of Dm determined from isoeffect doses obtained from multifraction exposures, Open and closed circles indicate, 
respectively, smaller and larger doses of a pair of isoeffect doses per fraction used to calculate Dm. 


exponential, and the doses per fraction for an iso- 
effect are large enough to reduce survival to the ex- 
ponential region, then the value of Dm and Dy 
would be constant (Fig. 2c). If the initial part of a 
curve is exponential, the value of Dm would be zero 
as long as the larger of the pair of doses per fraction 
remains within this exponential region (Fig. 2D). 
When the slope of a curve becomes less steep, the 
value of Dm decreases while the Dy, value increases 
with an increase in dose per fraction (Fig. 25). 

Therefore, by determining (from pairs of multi- 
fraction dose-response curves) values for Dm and 
Dy at a certain isoeffect, it is possible to reconstruct 
the shape of the single dose-response curve. 


APPLICATION TO PUBLISHED Data 

Chen and Withers (1972) published multifraction 
dose-response curves for the stem cells of gastric 
mucosa exposed to y rays, using loss of colony-form- 
ing ability as an end point. The time interval be- 
tween doses was 24 hours. Repair of sublethal dam- 
age seemed to be complete eight hours after a dose 
of 700 rad and cell division began 24 hours after 
the first dose. Therefore, it can be said that the 
data reported were obtained in conditions satisfying 
tke assumption necessary to apply the Dy and Dy 
concept, except that with larger numbers of dose 
fractions, repopulation by surviving cells between 
doses probably occurred. 
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TABLE I 
"orat DOSES (RAD) NECESSARY TO PRODUCE AN AVERAGE SURVIVAL OF 40 CELLS PER CIRCUMFERENCE FOR GASTRIC MUCOSA CRYPT 
CELLS OF MICE, AND Dm AND Dn VALUES 


| 
| 
| 


i i 

| Sumber of | | Dose per 

i fractions | ‘Total dose | fraction DoD ar nania Dne ny- Da Dn 

| 1 | 1,500 | 1,500 | 

| | | 1,970-1,500 | 3,000-1,970 2-1 470 1,030 
2 1,970 | 985 

| i 2,360-1,970 | 5,910-4,720 3—2 390 1,190 
3 2,360 787 

| 2,920-2,360 111,800—8,760 5-3 280 1,520 
| 5 | 2,920 584 

4,270-2,920 129,200—21,350 10-5 270 1,570 
| 10 | 4,270 | 427 








erre inimi 
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Isocffect doses quoted from the paper by Chen and Withers (1972). 


The various multifraction doses required to re- 
duce stem-cell survival to 100, 40, 10, 4 and 1 cell(s) 
per circumference were chosen arbitrarily for deter- 
mining Dm values. Table I shows the total doses 
required to achieve an average survival of 40 cells 
per circumference, and the calculated Dm and Dy 
values. For example, the isoeffect doses for single 
and two-equal fractions are 1,500 and 1,970 rad, 
respectively, and the value for Dm and Dy are 470 
and 1,030 rad, respectively. From the standpoint of 
a single-dose response curve, these values of Dm 
and Dy of the line passing through points at 1,500 
rad and 985 rad on a curve are 470 and 1,030 rad, 
respectively. The relationship between doses per 
fraction and Dm and Dy values ts illustrated inFig. 3. 
PD values decrease with increase in dose per frac- 
tion. D, values increase with increase in dose per 
fraction, but there are two steps within the dose 
ranges reported. The first step occurs at a Dy 
value of 300 rad, which is found when doses per 
fraction range from 500 to 1,000 rad. The second 
step is at a Dm value of 500 rad, that is, at doses per 
fraction. of 1,000 to 1,700 rad. This implies, as 
illustrated in Fig. 2, that the single-dose response 
curve for stem cells of gastric mucosa bends down- 
ward, but that it has at least two linear (exponential) 
portions, one between 500 and 1,000 rad, and the 
other between 1,000 and 1,700 rad. The shape of 
the dose-response curve at doses less than 400 rad 
cannot be determined due to lack of data. 

Figure 4 presents, as a function of dose per frac- 
tion, Dm and Dy values for epithelial cells of murine 
colon (Withers and Mason, 1974). In these experi- 
ments, the interval between fractions was three 
hours, sufficient for essentially complete recovery 
from sublethal injury. All of the data quoted were 
assumed to satisfy the necessary conditions for cal- 
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culating Dm and Dy values. For calculating Dm 
values, total doses required to achieve arbitrarily 
chosen survival levels of 50, 10 and 5 cells per cir- 
cumference were used. The Dy values were deter- 
mined for a level of survival of ten cells per circum- 
ference. 

Figure 4 shows that D increases and Dy decrea- 
ses with increase in dose per fraction. This suggests 
that the dose-response curve is continuously bending 
downward. There appears to be one step in the 
relationship between dose per fraction and the 
value of Dm within the dose ranges examined: the 
Dm value remains constant at 200 rad for doses per 
fraction of 600 to 900 rad. 

As discussed previously, if the survival curve is 
initially exponential, the value of Dj, will be zero as 
long as the larger of a pair of doses per fraction used 
to determine Pm is within the limits of the exponen- 
tial region. Conversely, if the Dm value is zero, the 
survival curve is exponential to at least the larger of 
the two isoeffect doses used to calculate Dm. In 
Fig. 4, Dm is zero at doses per fraction less than 250 
rad. The data in Fig. 4 imply that the single-dose 
survival curve for colonic epithelial cells of the 
mouse is exponential up to 250 rad, followed by a 
downward bending curve that becomes linear over 
the dose range 600—900 rad and then begins bend- 
ing downward again. 


DISCUSSION 

There has been no good experimental method for 
determining the response of normal cells im situ 
to relatively low doses of radiation. The method 
described in this paper may be used to estimate the 
effects of low doses of radiation on normal cells 
in situ using data from multifraction experiments. 
Provided certain conditions are met, this method can 
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Dm (A) and Dy (B) values of the dose-response curve of stem cells of gastric mucosa (Chen and Withers, 1972) as a function 
of doses per fraction. Open and closed circles correspond to smaller and larger doses per fraction used in calculating Dm and 
Dn, as shown in Fig. 2. Calculation of Da was based on doses needed for an 1soeffect of 40 surviving cells per circumference. 
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Dm (A) and Dn (B) values for the dose-response curve of stem cells of colonic epithelium (Withers and Mason, 1974) as a 
function of doses per fraction. Open and closed circles have the same meaning as in Figs. 2 and 3. Calculation of Dy was 
based on doses required for an average survival level of ten cells per circumference. 


355 


Vor 49, No. 580 


K. Masuda and H. R. Withers 


be used in analysing the responses of a wide variety 
of tissues using various end points, e.g. loss of 
colony-forming ability, desquammation of skin, etc. 
If it can be assumed that a given level of reaction cor- 
responds to a particular level of target cell depletion 
regardless of the irradiation schedule used to achieve 
it, then the degree of damage chosen as an isoeffect 
does not affect the conclusions drawn from the 
relationship between doses per fraction and the 
values of Dm and Dg. 


TE ; i Dy: 1 \ D 9 1 ~ 
Since two points, | — ,— J and [ —~, — }, define 
HQ M fa Na 


a portion of a single-dose response curve, the closer 
the two points, the more accurately the nature of 
asingle-dose response curve can be estimated. There- 
fore, the number of fractions 4, and ne should be 
selected so that ne-m, will be as small as possible. 
The interval between doses, depending upon the 
kinds of cells and other physiological conditions 
that may affect the radiosensitivity of cells, must be 
chosen to satisfy the conditions prescribed. 

Fowler et al. (1974) constructed a dose-response 
curve for skin reaction using data from multifrac- 
tionated exposures. Their method is very simple and 
reasonablv accurate, assuming that an equal amount 
of damage is caused by each fraction in multifrac- 
tionated exposures. The formulae presented in this 
paper are derived from basically the same idea as 
theirs, but their method shows only the form of dose 
response curve and does not permit as detailed an 
analysis as the Di, Dy concept outlined here. 

Dutreix, Wambersie and Bounik (1973) deter- 
mined the dose increment (Dr) per pair of fractions 
required for an tsoeffect in normal tissue when the 
number of fractions (N x Dg) are replaced by 2N 
fractions {2N x Dy or Nx 2D); then Dy==2D;— Ds. 
Dy is a special form of Dm: when na=2 Xm, Ds 
is equal to Dm. In other words, Dm is a general 
form of Py. In their formula, ng must be equal to 
2xHm, but using Dm, any number of fractions may 
be used in multifiaction experiments. 


Withers (1975) proposed the following as a general 
formula for the incremental dose per fraction deter- 
mined in experiments of the type reported by Du- 
treix et al.: 


perom 


ni 


where JD; is the dose increment for each of m 
fractions when the number of fractions is increased 
from ng to ny. A value of zero for AD, gives an es- 
timate of Dr, the point of flexure between an initial 
exponential region and a bending region of a survival 
curve, if an exponential region exists. However, the 
same information can be obtained from measure- 
ments of Dm which has the advantage of describing 
in more detail the shape of the single-dose survival 
curve at relatively lower doses. 

Furthermore, not only the end point chosen, but 
also the number of fractions, ms, affects the value of 
AD,, whereas the relationship between doses per 
fraction and the value of Dm is independent of both 
the end point used and the number of fractions. 
Thus, the Dm and Dy concept is superior in showing 
the nature of a dose-response curve over a wider 
dose range. 
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ABSTRACT 
HeLa cells have been irradiated in a beam of »--mesons 
using fractionated exposures. The response-time curve for 
cells irradiated in the peak and in the plateau regions showed 
evidence of recovery. For cells irradiated in the post-peak 
position recovery was either absent or delayed. 


During the past few years there has been much 
interest in using 7~-meson beams for radiobiological 
research. The depth-dose curve fora z^-meson beam 
has an initial plateau region followed by a rise to 
the peak region after which the dose falls off sharply. 
We have recently investigated the biological effec- 
tiveness at different depthsin a s^-meson beam (Mill 
et al., 1976). In the experiments described in this 
communication, HeLa cells were exposed to frac- 
tionated doses of m~-mesons in order to investigate 
repair of sub-lethal damage caused by this type of 
radiation. 


MATERIALS AND METHODS 

The v -meson beam used for these experiments 
is situated at the Rutherford Laboratory, Oxford- 
shire, and has been described elsewhere (Perry 
and Hynes, 1971). The dosimetry and cell culture 
methods used have been previously described (Mill 
et al., 1976). The depth dose curve for the z—-beam 
used for these experiments is shown in Fig. 1. 


*Present address: Berkeley Nuclear Laboratories, C. E. G.B., 
Gloucestershire GL13 9PB. 
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Fic. 1. 
Central axis depth dose curve for 70 MeV m--mesons 


HeLa cells were irradiated in the plateau region, 
the peak region and in the post-peak region. The 
dose-rate varied between ~30 and 60 rad/hour, 
depending on the depth used and on experimental 
conditions, The irradiation procedure differed from 
that used for the single dose exposures, and was as 
follows. 

Initially 2 cm? of cell suspension of concentration 
r~2 x 108 cells/cm? were irradiated in each of three 
positions simultaneously. When the exposure had 
been given, the beam was switched off and the cell 
suspensions removed from the beam. Each suspen- 
sion was then diluted to about 10° cells/cm? and 
placed at 37°C. For the second dose, a 2 cm? sample 
was taken from each of the three suspensions, placed 
in the appropriate position in the beam and irradia- 
ted. When the exposure was completed, the samples 
were removed and replaced by the next ones taken 
from the diluted suspensions. This process was re- 
peated until a time interval of about 11 hours had 
elapsed between the first and second doses. The tem- 
perature of the cells during irradiation was 21°C. 
After each sample had received its second dose, the 
cells were counted, diluted and plated as usual. 
The experimental details are given in Table I. 


RESULTS 
Figures 2, 3 and 4 show the results obtained. ‘The 
data are plotted as a surviving fraction, relative to 
that of a control sample of cells, as a function of 
radiation free interval between first and second doses. 
The plateau region data (Fig. 2) show a fairly large 


TABLE I 
IRRADIATION DETAILS 





Actual Approx, 
Approx. depth 1st dose | 2nd dose | dose rate. 
position (cm) (rad) (rad) (rad h-*) 
Plateau 4.8 155 63 | 29 
Plateau 6:7 64 64 38 
Front of peak} 13-0 211 86 39 
Peak 14-9 98 98 59 
Back of peak 15-6 205 83 | 38 
Back of peak 16-2 76 76 i045 
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SR FERACTIIUS 


a. 


RADIATION-FREE TIME INTERVAL (hours ) 
Fra, 2. 
HeLa cell recovery curve: plateau position. 


O Dosez-64--64 rad; depth= 6-7 cm. 
@ Dose--155--63 rad; depth —4-8 cm. 


rse in surviving fraction for times greater than 
about four hours, followed by a fall in the value of 
the surviving fraction, Ze. the cells appear to be 
showing the usual oscillatory "Elkind" recovery 
pattern (Elkind and Sutton, 1959). Data obtained 
in the peak and front of the peak positions (Fig. 3) 


SURVIVING FRACTION 





ü 3 å 8 S i0 12 i4 
OATH ATIOIN-~FREE TIME INTERVAL l hours 1 
Fro. 3. 


HeLa cell recovery curve: peak and front peak position. 
© Dose —98--98 rad; depth —14-9 cm. 
@ Dose -—211--86 rad; depth 13-0 cm. 





indicate similar results. However, the data obtained 
at depths of 15-6 and 16-2 cm (Fig. 4)—i.e., at the 
back of the peak—show a different pattern. For the 
higher doses used (205-+-83 rad), there is no in- 
crease in surviving fraction up to a time interval of 
12 hours. At the lower dose, there is an indication 
of recovery beginning to occur at 9-10 hours, 4-5 
hours later than seen in the peak and plateau posi- 
tions. This effect is not a function of the dose-rate 
or total dose, as both of these are intermediate be- 
tween the equivalent values in peak and plateau. 


DISCUSSION 

The presence or absence of a fractionation effect 
is dependent on the shape of the single dose survival 
curve, which in turn is a function of the mean Linear 
Energy Transfer (LET) of the radiation. Todd (1968) 
has shown that whenever the single dose survival 
curve is exponential, two dose response curves do 
not show recovery. The data presented here show 
recovery in plateau, peak and pre-peak positions, 
but no—or at least very much delayed—recovery 
in the post-peak position. The single dose survival 
curves are not exponential for any of these positions; 
nor is irradiation in the post-peak position most 
effective (see Fig. 5, taken from Mill et al., 1976). 

The LET distribution in the peak of a a~-meson 
extends from about 6 to 1,000 keV/um (Raju and 
Richman, 1972) and varies significantly over the 
peak region. It seems likely that the cells in the 
post-peak position are in a region where there may 
be some components of very high-LET radiation 


i.ü 
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Fic. 4. 
HeLa cell recovery curve: back of peak position. 
O Dose —76--76 rad; depth —16-2 cm. 
@ Dose -—205--83 rad; depth — 15-6 cm. 
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Fre. 5, 
Single dose survival curves for irradiation with a beam of 
7--mesons (from Mill et al., 1976). 


(i.e. > 160 keV/um). The relative biological effec- 
tiveness of the high-LET component would be low 
(due to saturation) but there would be only a small 
fractionation effect. 

When fast neutrons interact with matter they pro- 
duce particles that have a wide range of LET'S 


similar to the range of LET given by «--mesons in 
the peak. Ellis et al. (1970), using 14 MeV neutrons, 
found that recovery in HeLa cells was delayed some 
8-14 hours following the first dose, z.e., a result 
qualitatively similar to that found for the z--meson 
beam in the post-peak position. 

It seems we must learn much more of the complex 
nature with which a «^-meson beam interacts with 
biological material before any attempt at human 
radiotherapy is made. The possible effect on normal 
tissue irradiated outside the peak region must be 
investigated as thoroughly as the effect on tumour 
tissue in the peak region before any estimation of the 
usefulness of 77-meson radiotherapy is made. 
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ABSTRACT 

The physical and radiobiological properties of two neutron 
beams have been compared. The beams were generated by 
deuterons of 16 MeV at Hammersmith Hospital and 
42 MeV at Harwell, in both cases falling on a Be/Cu target. 
ihe dose-rate and depth-dose characteristics at the higher 
energv were found to be superior to those at the lower 
be rgy. be Didhenon and 5 nae at the higher energy are 


he fact n ata higher dose- rate allows longer collimators to 
be used. Attenuation in iron was found to be similar at the 
two energies. The radiobiological properties of the two 
neutron beams are very similar. There is a difference of 
about 20 per cent in RBE for effects on mammalian tissues 
for doses between 300 and 2,000 rad of neutrons. The 
GER and the sparing effect of two large fractions are the 
same for the two beams. 


À beam of fast neutrons from the MRC cyclotron at 
Hammersmith Hospital has been in use for radio- 
therapy since 1966. First impressions of the clinical 
results have been sufficiently favourable that a 
randomized prospective trial to compare neutrons 
with photons was started in 1971. This trial has been 
confined to certain grades of cancer in the mouth and 
throat, one of the main reasons for the restriction 
being the poor penetration of the beam. Although 
the standard target-skin distance is 120 cm, depth- 
doses are intermediate between those of 250 kV X 
rays at 50 cm target-skin distance and 99Co y rays at 
SO cm source-skin distance. Even with these physical 
limitations a significant improvement in the local 
response of the tumour after neutron treatment has 


already become apparent (Catterall et al., 1975). A 


beam of higher-energy neutrons giving greater 
penetration would enable a wider spectrum of 
disease to be treated. With this in mind we have 
made a preliminary assessment of the relevant 
physical and radiobiological properties of a neutron 
beam generated by 42-5 MeV deuterons from the 
variable energy cyclotron at Harwell, with encourag- 
ing results. 


PHYSICAL ASPECTS 
Dosimetry and dose-rate 

Measurements of dose were made with a poly- 
thene-walled, ethylene-filled chamber which res- 
ponds to both neutrons and y rays, and with photo- 
graphic film in lead screens which has a sharply 
reduced sensitivity to fast neutrons and essentially 
measures the partial dose of y rays alone (Bewley 
and Parnell, 1969). Derivation of the partial dose of 
neutrons is discussed by Greene (1971) and Bewley 
et al. (1972). The polythene/ethylene chamber gives 
the dose in a material of composition CH»; this can 
be converted to dose in tissue by multiplying by the 
ratio of Kerma (or mass-energy absorption coef- 
ficient for neutrons) in tissue to Kerma in CHo. To 
do this properly the neutron spectrum is required 
together with values of Kerma over the range of 
neutron energy included in the spectrum. 

Neutron spectra from thick Be targets bombarded 
with deuterons of 16, 33 and 50 MeV have been 
measured by Meulders et al. (1975). They found the 
mean neutron energy to be about 0-4 times the 
deuteron energy. With both the cyclotrons at Ham- 
mersmith and Harwell we used a Be target of thick- 
ness 150 mg/cm? designed for use with 16 MeV 
deuterons at Hammersmith. The loss of energy by 
42-5 MeV deuterons in this thickness is about 3 MeV 
and the remaining energy was dissipated in the 
copper backing. The resulting neutron spectrum is 
uncertain but the mean energy was probably not far 
from 18 MeV. Published values of Kerma extend 
only to 18 MeV (Bach and Caswell, 1968) so that 
Kerma ratios can be calculated for less than half the 
spectrum. As the neutron energy rises the cross- 
section of H falls relative to those of C, N and O and 
the Kerma in CH» falls relative to that in tissue. To 
convert from ionization in ethylene to dose in soft 
tissue we have used the Kerma factor calculated for 
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the neutron beam at Hammersmith, of mean 
energy 7-5 MeV, multiplied by an arbitrary factor 
of 1-1 to allow for the higher energy (at 18 MeV the 
factor is 1:05). Use of a tissue-equivalent chamber 
would not have eliminated all the uncertainty be- 
cause of the substitution of C for O in tissue- 
equivalent plastic. 

The measured dose-rate at 120 cm was 0-055 rad 
of neutrons per u Coulomb on the target, plus an 
additional contribution from y rays amounting to 
6 per cent of the neutron dose. At 10 pA this gives 
33 rad/min. The work of Meulders et al. (1975) 
indicates that a thick Be target would give a dose 
rate over three times greater. August et al. (1973) 
measured 75 rad/min at 125 cm for 10 pA of 
40 MeV deuterons on thick Be. T'hus the dose-rate 
at 10-20 LA would be adequate for treatment even 
at distances greater than 120 cm. 


Collimation and shielding 

Field size was selected by means of the wooden 
collimators used on the neutron beam at Hammer- 
smith which is generated by 16 MeV deuterons on 
Be. The properties of the collimators at the lower 
energy have been described by Bewley and Parnell 
(1969). The rest of the shielding was built with 
blocks of borated polyester resin of density 1-4 g 
cm ?, a small section of paraffin wax, and a steel 
cylinder in front of the target, as shown in Fi ig. 1. 

We made some measurements of attenuation in 
iron and hy drogenous materials, using a "broad 
beam geometry", for neutrons generated. by 16 MeV 
deuterons at Bausch and 42 MeV deuterons 
at Harwell. The materials under test were placed at 
60-80 cm from the target with a beam collimated to 
10-15 cm diameter at this distance. The measure- 
ments were made at 125 cm with a pair of ionization 
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Fic. 1. 
Shielding and collimation used with 42 MeV deuterons on a 
Be/Cu target. Variable Energy Cyclotron at Harwell. 
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Broad beam attenuation curves for shielding of neutrons 

generated by 16 and 42 MeV deuterons on Be/Cu targets. 

Dose of neutrons (upper group) and y rays (lower group) 

as a percentage of the neutron dose on the beam axis with 

no shielding. The density of the resin was 1:4 g cm? and 
of the wax 0-86 g cm”. 


chambers to separate the partial doses of neutrons 
and y rays. Figure 2 shows the transmitted dose of 
neutrons and y rays at the two energies. The upper 
and lower groups of curves give the neutron and 
y ray doses respectively. As expected, the hydro- 
genous material is markedly less effective in attenu- 
ating the neutrons at the higher neutron energy 
while the effectiveness of iron is barely altered. At 
both energies, we found that hydrogenous material 
could be substituted for iron in the outer lavers 
(beyond 5 per cent transmission) with little loss of 
efficiency. The partial dose of y rays is always a 
small fraction of the total and is unlikely to be 
biologically significant. 

In spite of the greater penetration of neutrons 
generated at 42 MeV through hydrogenous materials, 
wooden collimators 69 cm long surrounded by 
blocks of resin gave reasonably sharp collimation. 
The total (neutron plus y) doses at 10 and 20 cm 
from the axis using a 7 x 7 cm field were respectively 
found to be 1-5 per cent and 1 per cent of the dose 
on the axis. Both Theus et al. (1974) and Smith et al, 
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(1974) also found hydrogenous collimators satis- 
factory for neutron beams of comparable energies. 

Shielding at 42 MeV 1s made easier by the narrow 
polar diagram of neutron intensity at high deuteron 
energy. The fluence of neutrons above 11 MeV was 
measured by activation of copper, Cu (n,2n)8?Cu, 
and was found to fall to 50 per cent at 10 deg., 
10 per cent at 28 deg. and 1 per cent at 70 deg. to the 
forward direction. The 90 per cent level was reached 
at 3-7 deg. compared with 5-4 deg. for neutrons 
generated by 16 MeV deuterons on Be. 


Skim sparing 

The transition curve shown in Fig. 3 was meas- 
ured at 120 cm from the target with a fat, thin- 
walled chamber in front of which were placed thin 
sheets of tissue-equivalent plastic. The curve 
measured previously with the lower energy neutron 
beam is also shown. These results at 42 MeV lie 
between those measured by Almond et al. (1973) at 
30 and 50 MeV. It is clear that the dose received by 
the sensitive cells in skin will be smaller when the 
higher energy neutron beam is used for radiotherapy. 


Depth-doses 

Depth-doses were measured in tissue-equivalent 
liquid of density 1-1 (Bewley and Parnell, 1969) with 
a compensated ionization chamber which responds 
only to neutrons (Bewley, 1971). The results were 
converted to unit density tissue as explained by 
Bewley and Parnell (1969). Gamma rays were 
measured with film in lead screens as mentioned 
above, Central-axis values for three field sizes are 
shown in Fig. 4 together with a neutron curve 
measured at the lower neutron energy for compari- 
son. The depth-dose curve for the partial dose of 
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y rays is also shown for the 21x21 cm field. The 
better penetration of the higher energy beam is clear; 
at 10 cm deep to a 12 x 12 cm field, for example, the 
percentage depth dose is 63 per cent compared to 
46 per cent at the lower energy. The partial dose of 
y rays amounts to about 10 per cent of the local 
neutron dose for the 21x21 cm field but gives a 
smaller contribution with smaller fields. These y-ray 
doses are maximum values for two reasons: 
(1)the neutron sensitivity of the film has been 
ignored, and 
(2) the emulsion shows some response to thermal 
neutrons in the phantom, which recent work 
suggests may entail a correction of about 15 per 
cent. 
The neutron depth-doses are very close to those 
measured at 140 cm by Smith et al. (1974) with 
50 MeV deuterons on a thick Be target. A direct com- 
parison 1s impossible however because of the thin 
target used by us and because Smith et al. did not 
distinguish between the partial doses of fast neutrons 
and y rays. 

A complete isodose chart was also measured for 
the 12 x 12 cm field. This had rounded lines showing 
that a flattening filter would be needed, as expected 
from the forward emission of the beam (see above). 


RADIOBIOLOGICAL ASPECTS 
The purpose of our short series of radiobiological 
measurements was to compare the neutron beams 
generated by 16 and 42 MeV deuterons with respect 
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to relative biological effectiveness (RBE), the spar- 
ing effect of fractionation, and oxygen enhancement 
ratio (OER). Skin reactions and survival of intestinal 
crypts in mice were used as indicators of RBE and 
fractionation, while cells in suspension were used to 
measure OER. 


Skin reactions and survival of intestinal crypts 

For irradiation. of skin, female mice of strain 
"CFLP", obtained from Anglia Laboratory Animals 
Ltd., were arranged round the edge of a collimator 
and hghtly held in position by taping the toes with 
Sellotape. One hind foot of each mouse was irradi- 
ated while the rest of the body was shielded. Tissue- 
equivalent plastic was placed next to the feet to give 
secondary charged-particle equilibrium. The mice 
were divided into two groups and irradiations with 


the two beams were given on the same day, with the 
same technique of irradiation. The early wave of 
skin reactions was assessed in numerical terms over 
a period of 7-35 days. The techniques of irradiation 
and assessment have been described by Field et al. 
(1967). The dose-effect curves for a single dose (S/D) 
and two equal fractions at 24-hour separation (2F/ 
24h) are shown in Fig. 5. In both cases the "dose" 
is the partial dose of neutrons alone. Corrections were 
applied for the non-uniformity of the higher energy 
neutron beam (0-955) and for the reduced sensitivity 
of the ionization chamber (0-9) as discussed above. 
For the measurement of survival of intestinal 
crypts, female CFLP mice were divided into two 
groups and were given whole-body irradiation on 
successive days by one or other of the two neutron 
beams. The animals were killed at five days after 
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irradiation and the surviving crypts in the ileum and 
jejunum were counted. Details of the assay tech- 
nique are given by Hornsey (1973). The number of 
surviving jejunal crypts is shown as a function of 
neutron dose in Fig. 6, after applying corrections 
similar to those used for irradiation of skin. Similar 
results were obtained for the ileum. 

RBE values for both end points are combined in 
Fig. 7. The mean value for the RBE of the higher 
energy neutron beam compared with the lower is 
about 0-83 -+-0-1. There was no significant difference 
between the values obtained from surviving crypts 
in the ileum or jejunum or from skin reactions, nor 
was there any significant difference between the 
RBE measured with one or two fractions. These 
results are supported by those of Withers et al. 
(1974) who found the RBE of neutrons generated at 
50 MeV relative to those generated at 16 MeV to be 
1/1:33 or 0-75, again independent of the number of 
fractions or the level of dose. 


Cells in suspension 

We have used two cell lines from mice: Ehrlich 
ascites and P388 lymphocytic leukaemia cells. In 
both cases the cells were irradiated in suspension in 
Perspex tubes through which a slow stream of gas 
was passed to stir the cells and maintain a constant 
degree of oxygenation. The technique is that devised 
by McNally and Bewley (1969). The cells were 
exposed under aerobic and hypoxic conditions, with 
no phantom present and at 8-7 cm deep in tissue- 
equivalent liquid, using a 12x 12 or 12x 14 cm field. 
The Ehrlich ascites cells were cultured and assayed 
in vitro as described by Cullen (1972). The lympho- 
cytic leukaemia cells were assayed in vivo by serial 
dilution as described by Berry (1968). Similar 
experiments have been performed at different times 
with neutrons generated by 16 MeV deuterons on Be 
at Hammersmith, and also with X rays. In all cases 
the total time of irradiation was about the same, the 
dose-rate being adjusted to make the longest 
exposure of hypoxic cells about 14 hours. 

The results of all these experiments are given in 
Tables I and II. Dy is the dose for survival to et on 
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an exponential survival curve. The values of Dg rep- 
resent the local neutron doses at the cells. The 
additional partial doses of y rays are given in 
Table III. The two neutron energies give similar 
values of OER for both cell lines. When the cells 
were exposed out of the phantom the anoxic gain fac- 
tor (the ratio OER for photons to OER for neutrons) 
was about 1:5 for the ascites cells and 1-4 for the 
lymphocytic leukaemia cells. In the phantom the 
gain factor of 1-4 measured with the ascites cells was 
rather less than the value measured out of the 
phantom, whereas the leukaemia cells gave a much 
greater gain factor in than out of the phantom, 1-8 
compared to 1:4, in agreement with previous meas- 
urements with this system (Berry, 1971). Variations 
in OER for neutrons in or out of a phantom will be 
discussed in greater detail elsewhere (Berry and 
Bewley, 1976). The important point in the context 
of the present paper is that the change in neutron 
energy between the two beams did not significantly 
change the OER for either cell line under a given 
condition of irradiation, This is supported by the 
results of Hall et al. (1974) using Chinese hamster 
cells zn vitro who found the same OER for neutrons 
generated by 35 and 50 MeV deuterons as for 
neutrons generated by 16 MeV deuterons. 


DISCUSSIONS AND CONCLUSIONS 

The work described in this paper was intended to 
be a preliminary assessment of the potential value 
for radiotherapy of a neutron beam generated with 
42 MeV deuterons. It was designed to answer the 
question "what are the physical and radiobiological 
differences between neutron beams generated with 
42 and 16 MeV deuterons?” We planned a strictly 
limited series of experiments to elucidate the main 
relevant factors. 

In spite of the higher neutron energv, we found 
that it 1s still possible to provide good shielding and 
collimation. This is made easier by the pronounced 
forward-peaking of the beam while the high inten- 
sity allows longer collimators to be used if necessary. 
The degree of skin-sparing is better than that 
obtainable with the neutron beam generated at 
16 MeV. The depth doses at 120 em are markedly 
superior to those at the lower energy and are inter- 
mediate between those of 99Co y rays and X rays 
generated at 4 MV, both at 100 cm. 

The radiobiological properties of the two neutron 
beams are very similar. There is a difference of 
about 20 per cent in RBE for effects on mammalian 
tissues for doses between 300 and 2,000 rad of 
neutrons. The OER and the sparing effect of two 
large fractions are the same for the two beams. 
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It seems from these experiments that a neutron 
beam generated by 42 MeV deuterons for radio- 
therapy would be substantially superior to one 
generated at 16 MeV. 
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ABSTRACT 

Flies of the species Drosophila melanogaster have been 
irradiated with 1 MHz ultrasound at intensities of 0-05— 
2 W cm-?. The flies were immersed in water and rotated in 
the ultrasound field to ensure that they were adequately 
exposed to the radiation. Immersion and rotation alone 
were not found to impair subsequent survival and fertility 
of the flies. At the higher intensities of irradiation, the flies 
were found to be killed in direct proportion to the duration 
of the irradiation. However, large-scale breeding experi- 
ments with flies surviving irradiation showed that no sig- 
nificant increase in the frequency of recessive lethal muta- 
tion (Muller 5 system) and chromosomal non-disjunction 
(Clark-Sobels system) had occurred. Taken with other 
recent studies, this result suggests there is little risk of 
genetic damage to multicellular organisms from ultrasound 
irradiations at frequencies and intensities currently used in 
medical practice. 


The establishment of techniques utilizing ultrasonic 
radiation for clinical diagnosis has stimulated 
several recent attempts to estimate the possibility of 
genetic hazard from exposure to the radiation. Little 
precise information is available upon the interaction 
of ultrasound and tissue, and many conflicting re- 
ports of biological "effects" exist (for a review of 
genetic effect, see Thacker, 1973). 

The assessment of genetic effects after ultrasonic 
irradiation of the fruit fly, Drosophila, provides an 
example of this situation. In the late 1940s a group 
of American workers demonstrated induction of 
both lethal and visible mutations after irradiation of 
adult flies (e.g., Bushnell and Wallace, 1948), and 
similar results have more recently been reported by 
Kato (1966), but Fritz-Niggli and Bóni (1950) found 
no increase in lethal mutation frequency after ir- 
radiation of eggs, larvae and pupae with 0-3-1-8 
W cm? at 800 kHz for up to 25 minutes. A possible 
criticism of the positive reports is that they appear 
to have been obtained through the use of high 
radiation intensities; these would lead to consid- 
erable internal heating of the flies, and heat shock 
can be mutagenic (see Thacker, 1973). 

As part of an extensive programme to assess gene- 
tic effects of ultrasound (Baker and Thacker, 1973), 
a re-examination of the responses of Drosophila was 
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undertaken. This multicellular organism is es- 
pecially useful in that not only gene mutation, but 
also non-disjunction leading to loss or gain of 
chromosomes (aneuploidy) can be assessed (for a 
recent appraisal, see Sobels, 1974). Aneuploidy is 
associated with as much as one-quarter of human 
spontaneous abortions (Carr, 1970) and about 0-3 
per cent of live births (Smith and Jacobs, 1970), 
constituting a considerable genetic load upon the 
population. However, as previously found for single- 
cell systems utilized in this laboratory (Buckton and 
Baker, 1972; Thacker, 1974), no increase in the 
frequency of genetic events was produced by ultra- 
sonic irradiation of Drosophila. 


MATERIALS AND METHODS 
Biological 

Strains of the fruit-fly, Drosophila melanogaster, 
were maintained on  oats-sucrose-nutrient agar 
medium with added yeast at 25°C in milk-bottles, 

1. Detection of recessive lethal mutations. The Muller- 
5 (M5) system was employed, with methods closely 
following those of the original study (Spencer and 
Stern, 1948). Briefly, the wild-type male flies (strain 
Oregon K) were treated and mass-mated to M5 
virgin females, and their progeny (Fi) after a 
short period of "ageing" in mass, were mated in- 
cestuously (one female to one or more males in small 
vials). Their progeny (Fs) were assessed for the 
presence or absence of wild-type male flies; com- 
plete absence of the latter flies with at least 10 male 
MS progeny present was the criterion for recogni- 
tion of a recessive lethal mutational event having 
occurred. All presumed lethals were checked in Fa 
matings, where the same criterion pertained. Stocks 
of flies were kindly supplied by Dr. M. J. Fahmy. 

2. Detection of non-disjunction. The system of Clark 
and Sobels (1973) was used, where flies carrying 
isochromosomes may "rescue" oocytes suffering 
from non-disjunction of Chromosome 2. Virgin 
females with isochromosome markers j;px were 
treated within four hours of eclosion and mated to 
males of the isochromosome strain b pr;vg. Ten 
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males were mated to 10 females per vial with an 
ample supply of yeast for two days, and then trans- 
ferred (without etherization) to milk bottles for a 
further three days before discarding. All F; progeny 
were screened for the exceptional (parental) types 
which result from the rescued oocytes. We are grate- 
ful to Professor F. H. Sobels for suggesting the use 
of this system and to Dr. B. Leigh for supplying 
the isochromosome strains. 


Ultrasound generation and measurement 

À radio-frequency generator was used to drive a 
ceramic transducer of resonant frequency 1 MHz 
(Brush Clevite PZT 5A) This transducer was 
positioned to radiate horizontally through a water- 
bath, with a rubber mat at the opposite end of the 
bath for absorption. The total power of the ultra- 
sound beam was found from measurements of the 
radiation force on a suspended steel ball, and the 
distribution of intensity found using a hydrophone 
probe (Hill, 1970). 


Experimental procedure 

Fhes were etherized and placed in a modified 
polystyrene syringe, as shown in Fig. la. After 
allowing the flies to recover fully from the ether, 
water (at 25"C) was rapidly drawn into the svringe, 
completely immersing the flies. The syringe was 
then positioned in the water tank at the centre of the 
ultrasound field and 10 cm from the transducer. As 
far as possible, small air bubbles were eliminated 
from the compartment containing the flies, and 
latterly a wetting agent was included in the water. 
During irradiation, the syringe was rotated at 15 
rev./minute to compensate for differences in the 
spatial distribution of intensity within the syringe. 
A scan of the ultrasound field inside the syringe is 
shown in Fig. Ib. 

Immediately after treatment, the water was ex- 
pelled from the syringe and the flies removed onto 
filter paper (to promote rapid drying) The flies 
were then put into mating bottles or vials, and 
placed at 25°C. 


Fic, 1. 
Irradiation methods and measurements. 


syringe, UF =upper sliding filter, F=-flies, LF lower 
sliding filter. 

(b) Hydrophone scan of intensity distribution across 
ultrasound field (peak intensity 1 W cem? at 1 MHz). 
A = without syringe in position, B= inside syringe. W — wall 
of svringe tube. 
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RESULTS 
Lethality 

Drosophila is a very convenient organism for 
genetic studies, but it is not aquatic and the flies were 
expected to suffer from the immersion required to 
propagate the radiation. However, although the flies 
had every appearance of being dead after immersion 
without irradiation (having a very bedraggled appear- 
ance and no limb movements), they revived in a 
time approximately equal to the duration of im- 
mersion. Fertility was also unimpaired subsequent 
to immersion. 

When irradiated with the higher intensities used 
in the present study, the immersed flies were 
killed in an approximately linear proportion to the 
duration of irradiation. A survival curve is shown 
for the male wild-type flies of the Muller-5 system 
(Fig. 2); the females irradiated to assess non-dis- 
junction were found to be about twice as sensitive as 
this (see next section). 

A crude measurement of the heat rise inside an 
irradiated fly was made by threading a dead fly with 
a fine thermocouple, and placing it in the ultrasound 
field. The maximum heat rise inside the fly for the 
intensities used was determined to be around 1-5°C. 


Mutation 


In both systems the frequency of mutation was 
first assessed in untreated populations of flies. In 


100 


= 


percent surviving 





0 1 2 3 4 5 


duration of irradiation (min) 
Fic. 2. 
Survival of male wild-type flies after 1 MHz irradiation 


at 2 W cm. Different symbols indicate separate experi- 
ments, 


addition to this "spontaneous" frequency, mutation 
was assessed in flies subjected to immersion and 
rotation alone (that is, under identical conditions to 
the irradiated flies but without irradiation). Irradia- 
tions were mostly at "therapeutic" levels (0-5-2-0 
W cm? for a few minutes), but the Muller-5 system 
was also tested at a low intensity for a longer con- 
tinuous irradiation time (to simulate certain diag- 
nostic procedures). 

l. Recessive lethal mutation. 'The spontaneous fre- 
quency at which recessive lethals are detectable 
varies slightly from strain to strain (Spencer and 
Stern, 1948) and with the stringency of the criteria 
used to accept the occurrence of a mutagenic event. 
An average value from many previous studies has 
been given as 0-26 per cent (Crow and Temin, 1964), 
and it is seen that the present study yielded a very 
similar frequency (Table I). No significant increase 
upon this frequency was found in irradiated flies; 
from the combined data given in Table I it may be 
calculated that a minimum of 19 lethal mutants must 
be found after ultrasound treatment for a significant 
difference to be recognized at the 1 per cent prob- 
ability level (see Kastenbaum and Bowman, 1970). 

Since certain spermatogenic stages have beert 

shown to be more sensitive to mutagenic agents such 
as X-rays (e.g. Muller et al., 1954), a small-scale test 
was made of flies remated five to seven days after 
irradiation at 0-5 W cm-?, The mature sperm re- 
leased at this time would have been in meiotic or 
earlier stages of spermatogenesis when irradiated. 
However, no lethal mutations were found among 755 
crosses examined. 
2. Non-disjunction. Clark and Sobels (1973) have 
reported a spontaneous frequency of 9-4 oocytes 
suffering non-disjunction of Chromosome 2 per 
thousand assessed in the first five days after mating. 
Although this frequency is subject to some variation 
with the hatchability of the fertilized eggs, the fre- 
quency obtained in the present study was very simi- 
lar (Table II). Very few of the female flies used in 
this system survived intensities exceeding 0:5 W 
cm^?, so that only one dose-point was satisfactorily 
tested. This showed no increase in non-disjunction 
frequency over controls (Table II); for a significant 
increase to be recognized, at the 1 per cent level, 
at least 55 non-disjunction progeny should have been 
found after ultrasound treatment. 

Fewer progeny resulting from oocytes lacking 
Chromosome 2 (nullosomic) than from those having 
two copies of this chromosome (disomic) were found 
after immersion and rotation of the flies, irrespective 
of the irradiation. This ratio was also found to vary 
in the study of Clark and Sobels (1973), possibly due 
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Experimental Number of 
















Total crosses 





FREQUENCY OF SEX-LINKED RECESSIVE LETHAL MUTATIONS DETERMINED BY MULLER-5 SYSTEM 


Total lethals Lethals per 








treatment experiments assessed detected thousand crosses 
| None | | 1 1,174 3 2:56 
| { untreated control) 
| i MHz for. 4-10 min. 
0-5 W em? | 4 2,342 5 2:14 
| 0 W em? 2 1,596 4 2-51 
| 20 Wem? | 1 1,015 1 0-99 
Control (immersed 3 3,644 6 1:65 
i and rotated) 
Pa ta ie cg ca ae Kann mde NUI EMEN NE UR ——: 
| f MHz for 60 min, 
50 mW cm~? | 2 1,613 3 1-86 
| Control Gmmersed | 1 954 1 1:05 
| and rotated) 
| C Combined results 
| Controls | 5 5,772 10 1-73 
| Irradiated 9 6,566 13 1:98 





Stoere navan r aaran 


TABLE H 

















Number of 






| and rotated) 


to reduced viability of the progeny resulting from 
"rescue" of nullosomic oocytes (5 pr;vg) under some 
circumstances, 


Discussion 

In a previous report (Thacker, 1974) it was 
stressed that few genetic data were available upon 
the effects of irradiating multicellular organisms 
with ultrasound. The recent report upon the induc- 
tion of gross mutational damage in mice (Lyon and 
Simpson, 1974), taken with the present report, sug- 
gests no detectable genetic damage arises in such 
organisms irradiated with medically-relevant '" doses" 
of ultrasound. 


The present data agree with, and considerably 


extend, those of Fritz- Niggli and Bóni (1950) who 


FREQUENCY OF NON-DISJUNCTION OF CHROMOSOME 2 DETERMINED BY THE METHOD OF CLARK AND SonELs (1973) 


Non-disjunction progeny Non-disjunctions 


Experimental crosses Total per thousand 
treatment attempted progeny disomic nullosomic progeny 

None | 21 4,093 17 21 9-28 
(untreated control] 

| 1 MHz for 2-10 
min. (mostly 5 min.) 

| 0-5 W em? 31 5,064. 28 | 16 8-69 

| LOW enr? 17 605 1 | 1 (3:31) 
Control (immersed, 19 4,133 25 | 11 8-71 


irradiated non-adult stages of Drosophila and scored 
relatively few crosses for the presence of sex-linked 
lethal mutations. In addition, both male and female 
flies were irradiated in the present study; that is, 
the sensitivity of both spermatozoa and oocytes was 
assessed. Although a "positive control" was not 
included (7.e., a treatment with a known mutagenic 
agent), both svstems show well-defined responses to 
such agents as ionizing radiation (see Spencer and 
Stern, 1948; Clark and Sobels, 1973). 

It seems unlikely that the negative results of 
ultrasound irradiation arise from inadequate ex- 
posure of the flies to the radiation. The rotation 
procedure should eliminate or, at least, reduce 
inhomogeneity of irradiation, and the killing of flies 
in proportion to dose suggests this is successful. The 
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small heating effect of irradiations in the present 
study suggests internal heating is unlikely to account 
for the death of the flies, and mechanical effects of 
the radiation may be responsible (cf. Wells, 1968). 

In all, there seems to be little evidence that ultra- 
sound irradiations produce genetic damage; the 
studies noted in this report cover a variety of genetic 
changes from small alterations in genes ("point 
mutations"), through deletion and rearrangement of 
genes, to effects on whole chromosomes. Although 
extrapolation to man remains a difficulty, organisms 
such as Drosophila and the mouse are at present the 
most useful experimental models for the assessment 
of genetic effects of unknown agents upon man. The 
lack of an effect of ultrasound upon these.organisms, 
therefore, represents a current best estimate of lack 
of hazard to man. 
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Technical note 


The assessment of the body distribution of Yttrium-90 ferric hydroxide 


during radiation synovectomy 


By P. B. Dunscombe, Ph.D., M.Inst.P., A. K. Bhattacharyya, and R. G. Dale, M.Sc., M.Inst.P. 
Department of Medical Physics, Charing Cross Hospital, London W6 8RF 


Hecetvced October, 1975) 


In recent vears, the use of radionuclides for intra- 


articular therapy has become widespread. Of 198A 
and 99Y, the two most commonly used isotopes, 
the latter is preferred in knee treatments due to the 
longer range of the $ particles and the absence of y 
radiation. In this department, we have attempted to 
measure the loss of the isotope from the knee, and 
to determine the location of any missing activity 
following treatment with the colloid 9°Y ferric hy- 
droxide. Such information is necessary in assessing 
the therapeutic efhciency and the radiation hazard 
of the treatment. 

in order to minimize the loss of the isotope from 
the knee, the patients were confined to bed for five 
davs and wore a Plastazote splint following the in- 
ection. 5 mCi of 99Y ferric hydroxide in 10 ml. was 
try standard dose. 


lhe activity in the knee was measured in terms 


of the geometric mean of the count-rates in two 
opposed (medial and lateral) 2 x 2 in. scintillation 
crystals. [he svstem was set to detect bremsstrah- 


ine 


produced hy the slowing down of the 90Y 
particles, with an energy of more than 60 keV. 


l'ests 1ndicated that the most significant source of 
error in these measurements was due to the effect of 


bone on bremsstrahlung production and attenuation 


is the colloid distributed itself within the knee. 

he search for the 99Y which escaped from the 
knee was made with a Mecaserto scanner fitted. with 
5x 3 in. crystal 


| 


To obtain the highest sensitivity 


Whe! 


investigating the abdominal region, the focus- 
ng collimator was removed from the scanning head. 


| his modification ners ased the count rate from 


"UY bri msstrahlung source at the focus by a factor 
about 10, while the spatial resolution deterio- 
(F.W.H.M.). Reduction of the skin- 


distance, which was possible without the 


ted to 15 cm 

tecto! 
focusing collimator, increased the sensitivity fur- 
ther and improved the spatial resolution to about 
IO cm. For a qualitative investigation of the sort 
indertaken the poor spatial resolution was not a 
problem. Under the chosen conditions of scan speed 
(1:3 em/second) and integration time (0-4 second), 
the instrument was capable of detecting less than 





| per cent of the knee activity in the regional 
lymph-nodes even in the presence of knee back- 
ground. No attempt was made to quantify the 9°Y 
in locations other than the knee. 

Knee loss figures from eight patients treated 
with %°Y ferric hydroxide have been obtained. 
After one and five days, the average loss values were 


6 and 21 per cent respectively. ‘These results com- 
pare well with those of Gumpel et al. (1975), who 
obtained values of 6 and 22 per cent. By comparison 
with previous work at this hospital (Ramsey, 1973), it 
appears that the retention of the 9°Y ferric hydroxide 
is less than that of the resin or silicate preparations. 


Fic. 1. 
Scan showing uptake of WY ferric hydroxide in the liver. 
‘The positions of the supra-sternal notch, the costal margin 
and the umbilicus are shown. Increased count-rate is indi- 
cated by the darker shade. Isolated white spots are spurious, 
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In four of the patients, the knee counts increased 
in the first five hours, illustrating the effect of the 
redistribution of the isotope in the knee. 

Four of the eight patients were subjected to the 
scanning procedure described above. All four 
showed leakage to the regional lymph-nodes within 
six days. In two of the four cases, the scan indicated 
leakage after five hours when the knee counts had 
actually increased. Leakage to the liver was clearly 
demonstrated in one patient after five days, Fig. 1. 


Another patient showed activity covering the whole 
abdominal area. 
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Pulmonary arterial aneurysms in association with a right 


ventricular myxoma 


By D. M. Geddes, M.R.C.P., and |. H. Kerr, F.R.C.P., F.R.C.R. 


Brompton Hospital, London, S.W.3 
( Received August, 1975) 


Aneurysms of the pulmonary artery are uncommon 
and have been described as mycotic, congenital, 
syphilitic, traumatic and idiopathic (Boyd and Mc- 
Gavack, 1939). Aneurysms have not previously been 
described in association with a right-sided cardiac 
myxoma. This is a report of such a case and it is 
suggested that when pulmonary arterial aneurysms 
are diagnosed by pulmonary angiography, a right 
atrial injection should also be made to exclude an 
intracardiac source of emboli. 


Case History 

The patient, an 18-year-old Cretan student, was admitted 
.to the Brompton Hospital in September 1973 with an 18- 
month history of a relapsing febrile illness which had 
previously been investigated in Crete and also in Athens. He 
had been well until January 1972, when he presented with 
rigors and a swinging pyrexia. No formal diagnosis was made 
at that time and he was treated with antibiotics. The fever 
remitted but subsequently returned at monthly intervals 
lasting about seven days. In October 1972 he had one 
bright red haemoptysis and a chest radiograph taken at the 
time showed a 10 em round shadow at the left base. In 
December 1972, in Athens, a left lower lobectomy was per- 
formed with excision of this lesion. Histology was reported 
as: "a haemorrhagic cyst with no evidence of malignancy". 
He was discharged from hospital but his recurrent febrile 
episodes persisted accompanied by arthralgia and pleuritic 
pain. He was given numerous further courses of antibiotics. 
In April 1973 a chest radiograph showed that a small round 
shadow was now present at the right base. Percutaneous 
aspiration biopsy was attempted and only blood could be 
aspirated from the lesion. The patient refused further 
diagnostic procedures at that time. He came to England in 
September 1973 with no change in his symptoms. 


There was no other past medical history, nor history of 


industrial exposure. He had taken no medication prior to 
this illness and in particular had received no intravenous 
injections either from a medical practitioner or himself. 


EXAMINATION 

He was a normally built white male. He was febrile, 99- 
102°F, but his general condition was otherwise good. There 
were signs of the left thoracotomy but the chest was other- 
wise clear. The pulse was regular with a rate of 110 per 
minute. Blood pressure was 100/80Hg. At the time of admis- 
sion, a short high pitched diastolic murmur was heard at the 
left sternal edge but this finding could not subsequently be 
confirmed, The remainder of the physical examination was 
entirely normal. 


INVESTIGATIONS 
Haematological examination revealed a Hb of 10-4 G per 
cent with a normochromic normocytic film. Reticulocytes 
were 2 per cent. The white cell count was 6,500 with a 


normal differential. ‘The platelets were normal. The E.S.R. 
was 67 mm/h (Westergren). 

The examination of the bone marrow showed an in- 
creased cellularity, active granulopoesis and very active 
normoblastic erythropoesis. Haemoglobin electrophoresis 
was normal, Glucose-6-phosphate dehydrogenase activity 
was normal, No malarial parasites were seen on repeated 
thick films. 

Normal biochemical estimations included: urea, electro- 
lytes, calcium, phosphate, liver function tests, and protein 
electrophoresis. Urinary V.M.A. and 5 H.LA.A. were 
normal. ‘The immunoglobulins were IgG 1325 (500-1500) 
IgA 450 (125-450) IgM 430 (50-170). Blood and urine 
cultures failed to grow any pathogenic organisms on many 
occasions. Urine microscopy was normal. Mantoux test was 
negative at a strength of 1:1,000 but positive at 1:100. 

Serology for the following organisms was negative: 
salmonella, influenza, adenovirus, respiratory syncytial virus, 
Coxiella burnetti, psittacosis, mycoplasma, hydatid disease, 





Fic. 1. 


Chest radiograph showing 24 cm round opacity in the right 
lower zone. A left lower lobectomy has been performed. 
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brucella, toxoplasma, filaria, schistosoma, amoebiasis, 
aspergillus, histoplasma and candida. 

Anti-nuclear and other auto-antibodies and L.E. cells 
were not found in the blood. W.R., V.D.R.L., R.P.C.F.T. 
and Rheumatoid factor tests were negative. The E.C.G. in 
sinus rhythm was normal. An echocardiogram revealed a 
small left atrium, and a normal mitral valve. There was no 
evidence of a left atrial myxoma, but the right side of the 
heart was not examined. 

Chest X-ray (Fig. 1) showed a 24 cm round opacity in the 
right lower zone, with quite obvious loss of peripheral 
vasculature at the right base. Frontal and lateral tomo- 
graphy of the right lower zone (Fig. 2) showed a round 
opacity with a smooth well-defined outline and a pulmonary 
arterial branch leading to it. No definite draining vein 
could be identified. 





Fic. 2a. 


Antero-posterior tomogram shows the lesion in the right 


lower lobe, and loss of peripheral vasculature. 


PROGRESS 

The patient remained febrile with fevers reaching 102°5 
on most days. On four occasions crops of tender, red 
indurated nodules appeared in the skin of his forearms and 
fingers. These were biopsied and on microscopy slight 
lymphocytic and plasma cell cuffing of the small blood 
vessels was seen, but there were no specific diagnostic 
features, No bacteria could be cultured from these lesions. 
On two occasions he had sudden attacks of hypotension 
associated with central cyanosis. There was spontaneous 
recovery within five minutes on both occasions. 

Cardiac catheterization and pulmonary angiography were 
performed. Pressures in the right atrium, main pulmonary 
artery and wedged pulmonary artery were normal. The 
pulmonary angiogram (Fig. 3) showed complete occlusion 
of one of the main branches of the basal artery of the right 
lower lobe. The vessel terminated in an aneurysmal! dilation 
2 cm by 14 cm corresponding to the opacity seen in the 
plain radiograph. Two smaller aneurysms were seen lateral 
to the large one. There was no early filling of veins to 
Suggest an arteriovenous shunt. The left atrium, left 
ventricle and aorta appeared normal, 

In view of the finding of aneurysms of the pulmonary 
artery, the possibility that these might be secondary to a 
lesion in the right side of the heart was considered. An 
injection of contrast medium (Fig. 4) was therefore made 
into the right atrium and a large filling defect in the right 
ventricle apparently arising from the interventricular septum 
was seen, A mobile projection of this defect was seen moving 
in and out of the pulmonary outflow tract in time with the 
cardiac cycle. 

A diagnosis of right ventricular tumour was theretore 
made and a thoracotomy performed. A white jelly-like 





Fic. 2n. 


Lateral tomogram. 
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Fic. 3. 


Pulmonary arteriogram. Three aneurysms are demonstrated 
in the right lower lobe. Lack of filling of vessels peripheral 
À to the lesions is also seen. 


tumour was found broadly based on the papillary muscle of 
the conus and the adjacent right ventricle. This was excised 
and porton of myocardium and conus resected down to 
apparently normal muscle. A patent foramen ovale was 
found and this was closed. Histology of the tumour showed 
it to have the characteristic appearance of a cardiac myxoma. 
‘There was no evidence of micro-organisms nor fungi in the 
material and nothing was grown on culture. 
The patient made a satisfactory post-operative recovery. 


DISCUSSION 

In this case the presumption is that myxomatous 
emboli from the right ventricle invaded the pul- 
monary arterial wall with resulting aneurysm for- 
mation. Obviously histology of the aneurysmal wall 
would be needed to confirm this, but there is support 
tor this presumption from observations in patients 
with a left ventricular myxoma. New et al. (1970) 
described systemic arterial aneurysms in association 
with a left-sided cardiac myxoma. Histology of 
these aneurysms showed infiltration of the arterial 
wall with myxomatous tissue. In the pulmonary 
circulation this has not been reported. However, 
Heath and Mackinnon (1964) reported a case of 
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Fic. 4. 


Cine frame of right atrial injection of contrast showing large 
filling defect in the right ventricle. 


multiple fatal pulmonary emboli secondary to a right 
atrial myxoma in which myxoma tissue could be 
seen actively infiltrating the media of the pulmonary 
arteries at autopsy. There was thinning and rupture 
of the internal and external elastic lamina, although 
no aneurysm formation was seen. It is therefore 
considered likely that in the case described above, 
myxoma emboli similarly weakened the pulmonary 
arterial wall and this resulted in aneurysm forma- 
tion. 

As a result of experience gained from this case 
it is recommended that the finding of pulmonary ar- 
terial aneurysms should lead to investigation of 
the right side of the heart by angiography. 
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Excretion of radioactivity in breast milk following "Tc" -Sn Polyphosphate 


By Mary E. A. O'Connell, B.Sc., A.R.C.S., M.Sc., and Helen Sutton, M.B., B.S. 


Department of Medical Physics and Radioisotope Scanning Unit, University College Hospital, Gower Street, 
London, W.C.1 


(Received August, 1975) 


There are several reports of excretion of radioactivity l yr VE 
in the breast milk of mothers given 99'T'em-]abelled | 
radiopharmaceuticals (Vagenakis et al., 1971; Berke 


et al., 1973; Wyburn, 1973; Carmody and High- | "m TA Sc 
man, 1975). This report describes excretion of radio- An P, 
activity in breast milk following intravenous ad- Ae Yeah 


ministration of Tem stannous polyphosphate. 
This has not been previously reported, Lactating 
women should not be given radioactive substances 
unless exceptional circumstances exist. We would 
like to report the following case. 


Case history 

A 31-year-old married coloured American woman was 
admitted for investigation of right hip pain present for eight 
months; the pain had started during her recent pregnancy. 
Labour was complicated by severe backache and right hip 
pain. She delivered, spontaneously, a normal live female 
child weighing 3-7 kg. Breast feeding was established satis- 
factorily. 

The right hip pain got worse, spread across the base of 
the spine, with severe limitation of movement and weight- 
bearing. She developed night sweats. At three years of age 
she had had pulmonary tuberculosis. She was admitted, 
together with the six-month old baby, for further investi- 
gation. 

On examination she was afebrile. The breasts were active. 
She had a peculiar gait. All movements of the right hip were 
painful; the right femoral head was tender. There was 
90 deg. hip flexion. No abnormal glands were palpable. 


Relevant investigations 

Haemoglobin 11:1 2/100 ml.; WBC normal; ESR 40 
mm/hour; uric acid 4-5 mg/100 ml.; Mantoux test—posi- 
tive to 1:1,000 dilution Old Tuberculin. Radiographs of 
chest and pelvis, and tomograms of right hip and upper 
femur showed no abnormality. 

A bone scan was requested because it was thought that 
the patient could have tuberculosis of the right hip which 
was not obvious radiologically. This was discussed with the 
clinicians concerned as the patient, although weaning the : 
baby, was still giving it three to four breast feeds daily. i 
The patient was given 10 mCi *""Tc stannous polyphos- 
phate (Diagnostic Isotopes Incorporated) and a 5:1 mini- 
fied whole-body scan was performed three hours later using 
an Ohio-Nuclear Model 84 whole-body scanner fitted with 
5x2 in. Nal( TI) detectors. The bladder was emptied im- 
mediately before the scan. The postero-anterior bone scan 
(Fig. 1) showed increased uptake of radioactivity in the 
right sacro-iliac region and a diagnosis of osteitis condensens 


—— -— = 





Fic. 1. 


Postero-anterior whole-body bone scan three hours after 
10 mCi *"Tc" polyphosphate. Note increased uptake in R 
right sacro-iliac joint, 
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ilii was considered. Manipulation of both sacro-iliac joints 
was carried out under general anaesthetic with symptomatic 
improvement. 

The antero-posterior scan (Fig. 2) showed unusual 
concentration of radioactivity in the region of the breasts. 
The patient expressed 100 ml. of milk from both breasts 
five hours after the administration of the "T'c" polyphos- 
phate, and the milk was found to contain about 0-2 per cent 
of the injected activity. In order to avoid radiation hazard 
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to the baby, the patient did not feed or cuddle her baby 
until the following morning, and she had not done so from 
the time of injection. 


DISCUSSION 

When radionuclides are administered to nursing 
mothers, it is important to assess and minimize the 
radiation hazard to the baby. James et al. (1974) 
have estimated absorbed doses to children receiving 
intravenously-administered — radiopharmaceuticals, 
although estimates for oral administration are not 
available. If the six-month-old baby had been fed 
at the time of expression, the range of absorbed 
doses which could have been received (since esti- 
mates are available only for the neonate and one- 
year-old) are 2:09-7:15 mrad to the bone (critical 
organ) and 0-616-1-65 mrad to the whole body, as- 
suming that the absorbed doses are the same for 
oral and intravenous administration. 

It was not possible to analyse the sample of breast 
milk to ascertain whether the activity was due to 
radio-labelled polyphosphate or to free pertechne- 
tate, which the manufacturers (Diagnostic Isotopes 
Incorporated) claim to be less than 2 per cent. If the 
radioactivity in the milk was due to free pertechne- 
tate, using the data of James et al. (1974) the ab- 
sorbed doses are estimated to be: 14:3-37:4 mrad 
to the critical organ (thyroid) and 0-561—1-54 mrad 
to the whole body. Injected pertechnetate is known 
to circulate in the blood pool and concentrates in 
the salivary glands, thyroid, liver and stomach 
(ICRP Publication No. 17, 1971). In the absence of 
significant concentration of radioactivity in these 
sites on the whole-body scans, breast activity was 
likely to be due to uptake of polyphosphate rather 
than free pertechnetate. 

The exact mechanism of uptake of phosphate 
complexes in tissue is not known. Schmitt et al. 
(1974) have shown by histochemical staining the 
presence of increased acid and alkaline phosphatases 
in biopsied breast tissue of women showing breast 
uptake of Teom stannous diphosphonate and 
polyphosphate. It has been suggested that these en- 
zymes act as tissue receptors that bind 99'T'c stan- 
nous disphosphonate and its analogues (Zimmer 
et al., 1974) and this may be relevant in the case 
reported here. 


Fic. 2. 


Antero-posterior whole-body bone scan three hours after 
10 mCi **Tc™ polyphosphate. Note unusual uptake in the 
breast region. 


378 


1976, British Journal of Radiology, 49, 379-380 


APRIL 1976 


Case reports 


ACKNOWLEDGMENTS 
We are grateful to Mrs. Diana Spencer, superintendent 
radiographer, and the members of the Radioisotope Scan- 
ning Unit who carried out the scans, We wish to thank Mr. 
Kirwan, orthopaedic surgeon, for permission to publish 
details of this case, and also Dr. E. W. Emery, Director of 
Radiotherapy Department, for encouragement and advice. 


REFERENCES 

Berke, R. A., Hoops, E. C., KEREIAKES, J. C., and SAENGER, 
E. L., 1973. Radiation dose to breast feeding child after 
mother has *""'Tc-MAA lung scan. Journal of Nuclear 
Medicine, 14, 51—52. 

Carmopy, R., and HiGHnMaN, J. H., 1975. Uptake of per- 
technetate in mammary tissue and thyroid after preg- 
nancy. British Journal of Radiology, 48, 63—64. 

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION. 
Publication No. 17, 1971. Protection of the patient in 


radionuclide investigations. (Pergamon Press, Oxford). 


James, A. E., WaGNER, H. N., and Cooke, R. E., 1974. 


Paediatric Nuclear Medicine (W. B. Saunders Company, 
London). 

Scumitt, G. H., Homes, R. A., Isrrman, A. T., HENSLEY, 
G. T., and Lewis, J. D., 1974. A proposed mechanism 
for **"T'c labelled polyphosphate and diphosphonate up- 
take by human breast tissue. Radiology, 112, 733-735. 

Wysurn, J. R., 1973. Human breast milk excretion of 
radionuclides following administration of radiopharma- 
ceuticals. Journal of Nuclear Medicine, 14, 115-117. 

VAGENAKIS, A. G., AnBREAU, Cynthia M., and BRAVEMOR, 
L. E., 1971. Duration of radioactivity in the milk of a 
nursing mother following *"Tc" administration. Journal 
of Nuclear Medicine, 12, 188. 

ZIMMER, A, M., Istrman, A. T., and Homes, R. A., 1974. 
Enzymatic inhibition of diphosphonate: a proposed 
Prater of tissue uptake. Journal of Nuclear Medicine, 

, 352-356. 


Hyperprolactinaemia as a cause of gallium-67 uptake in the breast 
By A. V. Stepanas, B.Med.Sc., M.B., B.S., M.R. A.C.P., and M. N. Maisey, B.Sc., M.D., M.R.C.P. 


Department of Nuclear Medicine, Guy's Hospital, London 


(Received September, 1975) 


Mammary tissue uptake of Gallium-67 (9?Ga) is 
well recognized (Larson et al., 1973; Gelrud and 
Arseneau, 1973). A patient is presented in whom 
such accumulation led to the discovery of drug- 
induced hyperprolactinaemia. 


Case history 

A 19-year-old girl with Hodgkin's ‘‘Paragranuloma”’ 
involving neck glands was successfully treated with radio- 
therapy in 1969, Five years later a recurrence in neck and 
inguinal glands, together with diffuse lung mottling, res- 
ponded to combination therapy with mustine, vincristine, 
procarbazine and prednisolone. 

In mid-1974 she was admitted to hospital in acute renal 
failure following three weeks of malaise, anorexia, nausea 
and vomiting. Renal biopsy demonstrated interstitial ne- 
phritis of unknown aetiology. Treatment with prednisolone 
resulted in complete clinical and biochemical resolution 
within four months. 

During admission a total body scan using 2 mCi “Ga 
citrate was performed at 48 and 72 hours to identify any 
sites of recurrent Hodgkin's disease. Uptake was noted in 
both kidneys and both breasts (Fig. 1). Accumulation of 
67Ga in the first sites was attributed to the inflammation of 
interstitial nephritis. 

The mammary activity was unexpected, The patient was 
not pregnant, but had missed two periods before the return 
of normal menstrual cycles. She had not taken oral con- 
traceptives. ‘There was no inflammation of the breasts, nor 
galactorrhoea. Her serum prolactin, however, was grossly 
elevated: >63 ng/ml. (range: 0-15 ng/ml.). This was ex- 
plained by the almost continuous doses of anti-emetic drugs 
which she had been given since admission, viz: Stemetil 
(prochlorperazine) daily, Maxolon (metoclopramide) ini- 
tially, and Largactil (chlorpromazine) occasionally. On the 
day 9?7Ga was injected for the scan she had received intra- 
muscular Stemetil (50 mg) and Largactil (50 mg). 

A repeat *?Ga scan four months later showed no breast or 
other abnormal accumulation (Fig. 2). Basal and thyrotro- 
phin releasing hormone (TRH) stimulated prolactin levels 
were then normal (9 ng/ml. at 0 minute; > 63 ng/ml. at 20 


minutes; 37 ng/ml. at 60 minutes) while the thyrotrophin 
(TSH) response to TRH was low normal (1:7 «U/ml. at 0 
minute; 5:7 U/ml. at 20 minutes; 4-1 U/ml. at 60 min- ' 
utes; basal range 0-3 pU /mg.). Circulating thyroid hormone 
levels were always normal. 


DISCUSSION 
This case demonstrates the potent influence of 
high prolactin levels on promoting 9?Ga accumula- 
tion by mammary tissues. Such accumulation has 
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Fic. 1. 


97Ga whole-body scan showing uptake in both breasts and 
both kidneys. 
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Fic. 2. 


“Ga whole-body scan four months later. No breast or 
kidney uptake, Activity noted in the region of the hepatic 
and splenic flexures. 


been described as a "normal variant", but is parti- 
cularly noted post-partum and in pregnancy (Lar- 
son and Schall, 1971; Gelrud and Arseneau, 1973; 
and Milder, 1973) which are classical “hyperpro- 
lactinaemic" states. However, prolactin levels were 
not reported by these authors. 

Hyperprolactinaemia can occur in a wide variety 
of situations ( Daughaday, 1974; Frieson and Hwang, 
1973) including pituitary adenomas, primary hy- 
pothyroidism, chest wall injuries, carcinoma of the 
lung secreting ectopic prolactin, emotional and 
physical stress, advanced renal failure and many 
drugs, particularly Reserpine, Aldomet, oral con- 
traceptives, tricyclic antidepressants, phenothia- 
zines, and especially Maxolon (metaclopromide), 
which is one of the most potent prolactin stimulators. 
The patient reported here had received three such 
drugs, Stemetil, Largactil, and Maxolon, to combat 


nausea and vomiting. She was also just recovering 
from severe renal failure at the time. 

It is entirely possible that the “normal variant" 
breast uptake of 9?Ga may, in fact, occasionally re- 
present the manifestation of hyperprolactinaemia 
due to commonly-used drugs, such as anti-ovula- 
tory, anti-hypertensive, anti-depressant and anti- 
nausea preparations. The last two are particularly 
pertinent to patients with neoplastic disease where 
76a scans find their greatest applicability. It is sug- 
gested that a serum prolactin level (either basal, or 
after TRH stimulation) in such “normal variants" 
would clearly establish whether hyperprolactinae- 
mia was the cause of this incidental finding. 

More important, using total body 9*Ga scans in 
breast-feeding mothers may expose the baby to 
harmful radiation either through drinking “hot” 
milk (Larson and Schall, 1971), or through close 
proximity to a "hot" breast. Clearly, this should be 
avoided. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents) 


THe EDITOR— SIR, 
Must RADIOLOGISTS DO ALL THE REPORTING? 

As a member of a qualitv survey team for the American 
College of Radiology, I find that some of your correspon- 
dents' complaint about radiologists not being present when 
they are needed is rather universal throughout the United 
States, especially during nights and week-ends. In very busy 
hospital centres this should be changed for the future so 
that a qualified radiologist is rotated through the night and 
weekend hours. However, Dr. Emrys-Roberts is chiefly 
concerned with small stations which have either no radio- 
logists or onlv an occasional one and, therefore, the follow- 
ing two suggestions are more appropriate, 

Especially since I value very highly the clinical examina- 
tion of a radiologic patient, I think that the clinician should 
very definitely be allowed and encouraged to read films and 
put his opinion on the patient's chart. When feasible this 
could well be followed by a radiologist’s reading. But, 
where the institution cannot afford or secure a radiologist 
the institution and the governing bodies must recognize 
that they do as best they can, hopefully with as qualified 
a person reading the films as is possible. We are all familiar 
with the fact that most qualified specialists prefer to read 
their films at any rate, perhaps disregarding the reading of 
the radiologist. 

As opposed to regulations of our Society of Technologists, 
I have always encouraged our radiographers to learn as 
much as possible about physical as well as radiologic ex- 
amination and diagnosis and to use this knowledge when | 
am absent. Our radiographers are competent to diagnose 
perhaps 80-90 per cent of our chests, 95 per cent of our 
bones and perhaps 50 per cent of our brain examinations. 
However, if your Dr. Emrys-Roberts has no radiologists 
available or one available only on great occasion, there is no 
possibility for such teaching, and our plan is of little use. 

One last suggestion for such isolated or deprived hos- 
pitals is that they be supplied with a combination telephone 
and television connection with a centre supplied regularly 
with radiologists, so that virtually instantaneous inter- 
pretation can be secured. This is already a reality in electro- 
cardiography diagnosis and in portions of our rural and 
Indian health services, 

Yours, etc., 
E. L. LAME. 
Veterans Administration Hospital, 
Coatesville, 
Pennsylvania 19320, U.S.A. 


THE EDITOR— SIR, 
THE ORGAN DISTRIBUTION OF !?! -TYROSYL 
SOMATOSTATIN 

Recently, Somatostatin (SRIF), a tetradecapeptide of 
hypothalamic origin, has evoked considerable interest 
because it can inhibit both insulin and pancreatic glucagon 
in concentrations somewhat greater than those required to 
inhibit growth hormone releasing factor (Alberti et al., 1973; 
Koerker et a/., 1974). It has been suggested that SRIF may 
be used in conjunction with insulin in the treatment of the 
diabetic patient (Gerich et al., 1974), Radio-iodination of 
SRIF is feasible because a tyrosyl group can easily be added 
to the molecule with retention of 50 per cent of biological 
activity (Guillermin, personal communication). This letter is 
a preliminary report of the distribution of !?! [.tvrosy] Som- 
atostatin in the abdominal organs with particular focus upon 
the pancreas. 

Tvrosyl-SRIF* was labelled with !*!I by means of the 





*'Tyrosyl-SRIF was kindly supplied by Dr. D. H. Coy of the 
VA Hospital, New Orleans, Louisiana. 


Hunter-Greenwood method using Chloramine-T. The 
specific activity achieved was 1:0-1:5 mCi/8-10 yg !?![. 
tyrosyl-SRIF. The free iodine (as Na!?!]) was less than 
2 per cent. Four experiments were done using adult mongrel 
dogs with and without simultaneous administration of 
600—1,000 ug of cold tvrosyl-SRIF. Serial scintigrams were 
then taken with the Pho Gamma III HP scintillation camera 
at five to ten minute intervals over a period of one to two 
hours. At that time, the dog was sacrificed and preparation 
for organ counts was performed within 30 minutes. The 
organ distribution data are presented in Table I. 

In the three animals which were given carrier SRIF, 
there was scintigraphic evidence of an area of increased 
uptake superior to the kidney but distinct from the live: 
(Fig. 1). The dog that was given carrier-free SRIF failed to 
show any preferential concentration of radioactivity 
Scans of the isolated, preserved stomach and thyroid per- 
formed four days after sacrifice showed diffuse uptake in 
these organs. 

The distribution data and the scans taken have shown 
that '*![-tyrosyl-SRIF does not selectively localize in the 


TABLE I 


UPTAKE OF !8!]-ryrosyL-SRIF IN 
ABDOMINAL ORGANS 


DISTRIBUTION OF 








Single Continuous 
injection infusion 
experiment experiment 
‘Tissue cpm/g |^, dose/g| cpm/g dose /g| 

Pancreas 5.320 0-0006 6,174 0-0007 
Liver 24.400 | 0-0019 9548 | 0-0011 
Spleen 29.800 | 0-0024 7,142 | 0-0008 
Kidney 64,180 | 0-0050 | 79,132 | 0:0089 
Whole blood 20,200 | 0-0016 10,581 0:0012 








Fic. 1. 


An antero-posterior scintigram of the abdomen showing an 
area of increased uptake superior to the upper poles of both 
kidneys. 
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pancreas in spite of its inhibiting effect on pancreatic gluca- 
gon and insulin. If there had been concentration in the 
pancreas, one would have expected this to have occurred 
within the five-minute biological half-life of Somatostatin. 

The kidney appears to be the principal route of elimina- 
tion. The characteristics of short biological half-time and 
the preferential excretion through the kidneys are shared by 
many other biologically active peptides. 

The coincident disappearance of activity in the inferior 
vena cava and the liver as well as the similar ranges of the 
hepatic and the whole blood concentration in Table I sug- 
gest that SRIF uptake in the liver is merely a reflection of 
blood pool. This 1s in accord with a previous report on the 
distribution of 1?! L-tyrosyl-SRIF (Reading and Coy, 1973). 

There are several reasons for the observed gastric ac- 
tivity, The uptake of the labelled SRIF appeared to be 
limited to the pyloric region. Somatostatin infusion has been 
shown to depress the serum gastrin in man and the site of 
radiopharmaceutical localization in our studies could have 
been the pyloric antrum (Bloom et al., 1974). 

Another possibility is that the diffuse uptake in the 
stomach and the thyroid was either free radioiodine or a 
labelled breakdown product of Somatostatin. While this 
explanation is consistent with the rapid biological half-life 
of SRIF and the appearance of the gastric and thyroid 
scans, it is subject to question. The image of the post- 
mortem stomach seen on the scan was heterogeneous and 
non-uniform and could have been due to autolysis which 
can occur unless strict precautions are observed as to 
the time of fixing and examination after defrosting of speci- 
mens. 

Further observations will be necessary to confirm 
which of these two alternatives is true. If labelled Somatos- 
datin does indeed localize in the antrum, it offers the 
intriguing possibility of specifically imaging the retained gas- 
tric antrum, a complication which may occur following 
gastroenterostomvy. 

Although one would have anticipated that the absence of a 
loading dose of SRIF would have increased the uptake in a 
target organ, the reverse of this was true in our experiments. 
in the absence of cold SRIF, there was no apparent visua- 
lization of stomach while this localization did occur when 
cold SRÍF was used. In addition, the route of administra- 
tion did not cause any major differences in the results ex- 
cept for a slower time course when the tyrosyl-SRIF was 
given bv infusion. 

131} .tyrosyl Somatostatin does not localize in the pan- 
creas after systemic administration. It is eliminated at a 
relatively rapid rate through the kidneys and its metabolic 
breakdown products concentrate to some extent in the 
stomach and the thyroid. 

Yours, etc., 

| P. A. BARDFELD. 
Montefiore Hospital, 

Department of Nuclear Medicine, 
111 East 210 Street, 
New York 10467, U.S.A, 


L. R. CHerve, 

Department of Radiology, 
Albert Eurstein College of Medicine, 
Bronx, NY 10461 
and 

D. R. K. Murty. 
Squibb Institute for Medical Research, 
New Brunswick, N.L 089030, 
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THE EDITOR-—SIR, 
Errecr or Stress ON BLOOD PERFUSION AND VASCULAR 
Space IN TRANSPLANTED Mouse TuMours 

In recent years there have appeared in the literature 
several reports relating to the effects of irradiation on 
various vascular parameters (blood flow, blood volumes, etc.) 
in transplanted animal tumours. In most cases irradiation 
was carried out under anaesthesia (McAlister and Margulis, 
1963; Song and Levitt, 1971; Song et al., 1972), and we 
have recently shown that the two most commonly used 
anaesthetics, pentobarbitone sodium (Nembutal) and 
urethane, greatly increase relative blood perfusion in five 
types of transplanted mouse tumours (Zanelli et al., 1975). 

'The vascular bed is very sensitive to stress. Exposure to 
hot and cold environments, for instance, has been shown 
to affect cardiac output, blood pressure and tissue blood 
flow, and to alter the pattern of blood perfusion among the 
various tissues of the body (Hales, 1973; Alexander e! al., 
1973). As a preliminary to a study of the effects of irradia- 
tion on tumour blood perfusion and vascular space by 
means of Rb and !“5{-human serum albumin (17°1-HSA) 
in non-anaesthetized mice, we investigated the effects of 
immobilization of the mice on the above parameters. 

Three types of tumours have been investigated in two 
strains of mice: a carcinoma "N'T" in CBA male mice 
(volume doubling time 3-0 days), a sarcoma “F” in male 
CBA mice (volume doubling time 1:3 days) and a sarcoma 
"2" in WH male mice (volume doubling time 3-7 days). 
The tumours were obtained by implanting approximately 
1 mm? of tumour tissue subcutaneously on the chest wall. 
Sham irradiations were carried out by the standard proce- 
dure which is usually followed in our laboratory for irradia- 
tion of tumours in anaesthetized mice. The mice were 
placed in the holder five to ten minutes before the start of 
irradiation which may last for up to 10-15 minutes. For 
the present purposes a total immobilization time of 20 min- 
utes was chosen. Groups of mice were then sacrificed at 
various intervals up to 48 hours later. Mice which had re- 
mained untouched up to the time of tracer injection served 
as controls. All the mice in a given experiment were sacri- 
fced on the same day to avoid differences in tumour size, 
particularly among the fast-growing tumours (Sarcoma 
E) dde ^ 

'The techniques for measuring relative blood perfusion 
and vascular space have been described (Zanelli and Fowler, 
1974). Briefly, Rb and !?51-HSA (Radiochemical Centre, 
Amersham, England) were diluted in physiological saline to 
obtain a solution containing approximately 2:5 uCi of 55 Rb 
and 0-25 pCi of 125]-HSA in 0-1 ml. Exactly 0-1 ml. 
was then injected quickly into the tail vein of the (non- 
anaesthetized) mice. One minute later the animals were 
killed by cervical dislocation and decapitation, and blood, 
tumour, tail and skeletal muscle from the upper hind legs 
(as representative of a normal tissue) were collected, placed 
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in pre-weighed glass vials, weighed and counted in a two 
channel autogamma counter (Wallach Instruments Ltd., 
Theale, Berkshire) along with standards of the injection 
solution and of the two isotopes used. Any mouse with 
more than 15 per cent ?95Rb in the tail was assumed to 
represent a technically poor injection and was rejected 
from the calculations. The average ®*Rb in the tail of the 
animals included in the calculations was less than 3 per cent 
of the injected activity. Relative blood perfusion was calcu- 
lated as the percentage of the injected 5Rb taken up/g by 
tumour or muscle. Vascular space was calculated from (!?9] 
counts/unit time/g of tissue)/(!??I counts/unit time/g of 
blood). 

The results, shown in Figs. 1 and 2, show that stress does, 
in most cases, influence relative tumour blood perfusion 
(Fig. 1) and vascular space (Fig. 2). In these figures the 
first set of points (those before zero hours) are for the 
“untouched”? controls and those points which are signi- 
ficantly different from the controls (p x 0-05) are denoted by 
S. In tumours, both parameters are still depressed 48 hours 
after sham irradiation. In muscle, on the other hand, only 
one result shows a significant change (carcinoma “NT” in 
CBA mice at 48 hours) from the control values (Fig. 1). 
This points to a fundamental difference in the response to 
stress between the normal vasculature and that of trans- 
planted tumours, and tends to support the view expressed bv 
Cater et al. (1962) that the vasculature of tumours is easily 
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86Rb uptake/g of tumour and muscle as a function of time 
after sham-irradiations. The bars show the standard devia- 
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1*5]-human serum Albumin vascular space in tumour and 
muscle as a function of time after sham-irradiation. The 
bars show the standard deviation and S denotes those points 
which are significantly different from the controls (p <0°05). 


affected by changes in systemic blood pressure since im- 
mobilization is very likely to bring about such changes. 

From the practical point of view, the above results, to- 
gether with those regarding the effects of anaesthetics 
(Zanelli et al., 1975) mean that investigations {at least by 
means of radioactive tracers) into the immediate effects of 
irradiation upon the vasculature of experimental tumours, 
and any results which depend upon blood flow in experi- 
mental tumours are likely to be unreliable for one of two 
reasons. If the mice are anaesthetized by means of Nembutal 
or urethane, a redistribution of the cardiac output takes 
place in favour of the tumour. If, on the other hand, the 
animals are immobilized for long periods of time without 
anaesthetics, the present findings suggest that protracted 
and severe tumour ischaemia may occur. In either case, 
these procedures can affect the results of experiments which 
depend on tumour oxygenation. 

The authors would like to express their gratitude to 
Dr. J. F. Fowler and Dr. Juliana Denekamp for their ad- 
vice and productive discussions. 

Yours, etc., 
G. D. ZANELLI, 
P. B. Lucas. 
Cancer Research Campaign, 
Gray Laboratory, 
Mount Vernon Hospital, 
Northwood, Middlesex HA6 2RN. 
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Tug EDTOR— SIR, 
RADIATION PROTECTION AND PHARMACEUTICAL 
REQUIREMENTS 

The basis of Mr. Moore's concern (Moore, 1975) seems 
to he in his assumption that pharmaceutical requirements for 
intravenous injections are more important than radiological 
protection from airborne activity. If this is accepted, then 
presumably “substantial sums" will be spent by the 
National Health Service on installing lamina air flow 
cabinets in all radiopharmacies. These cabinets can be 
obtained with a balanced downflow system; 1f the exhaust is 
part recirculated within the cabinet and part extracted 
through a duct to the outside of the building (Smith, 
1973) then both sides of the argument seem to be satisfied. 

In radioisotope laboratories used only for in-vitro and 
research work fume-cupboards are necessary, not just for 
"exceptionally hazardous" procedures, but for most radio- 
isotope work, To quote one particular instance, a tech- 
noan who was labelling hormones with !??] was found 
to have accumulated 0-5 aCi !??] in his thyroid (Drole, 
1973), but when an efficient fume-cupboard was used, his 
thyroid burden became negligible. 

Regular survevs of laboratories using radioisotopes in at 
least this part of the country show without doubt that 
spills are certainly not infrequent. 

In reality the Code of Practice (1972) seems modest in its 
requirements and when applied to individual situations its 
recommendations are usually satisfied without great expense. 

Yours, etc., 
PENELOPE ]. ROBERTS. 
Regional Radiation Physics and Protection Centre, 
Queen Elizabeth Medical Centre, 
Birmingham B15 27TH. 
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THe Eprror——sir, 
Usg or CRE tnstreap or TDF 

The nominal standard dose concept proposed by Ellis 
(1967) for comparison of various treatment regimes has 
been widely accepted. The nominal standard dose is asso- 
ciated with treatment schedules which lead to full tolerance 
of tissue. Using this idea, Kirk et al. (1971) have proposed 
the use of Cumulative Radiation Effects (CRE) at the par- 
tial tolerance level. Orton and Ellis (1973) have proposed 
time, dose, fractionation factors for dealing with treatment 
schedules leading up to and including tolerance. A ques- 
tion, therefore, arises which of these two concepts should 
be used for dealing with problems of radiotherapy at the 
present juncture. 

While propounding the NSD concept, Ellis has cautioned 
that continuous testing and sifting of data are desirable to 
verify the concept and to adjust the exponents of N and T 
in the NSD equation 

(1) 


with initial values of 0-24 and 0-11 for J and H respectively. 
Results of a few investigations have recently been published 
which indicate the possibility of change in the values of 
these exponents J and F. Fowler (1971) felt that exponent F 
should be slightly larger than 0-24 and H should be slightly 
less than 0-11. The data of Berry et al. (1974) matched with 


exponent should be larger. Loeffler (1974) has found that the 
present exponents are not consistent with his clinical data. 
Phillips and Ross (1974) found that their data on mouse 
oesophagus were more consistent with values of 7 and H of 
0-28 and 0-05 respectively. It is apparent from this that the 
values of 7 and H are at present not fixed and have to be 
arrived at only after accumulation. of enough data from 
clinical investigations. 


TDF is the time, dose and fractionation factor. For values 
of 7:-0-24 and H=0-11, the exponent of CRE becomes 
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NO. OF FRACTIONS 
Fic. 1. 
Vanations in CRE with number of fractions, shown by 
curves for 200 rad per fraction delivered five times a week 
for values of 70-28, 0-24 and 0-20 and H=0-08, 0-11 and 
0-14. Straight lines indicate the corresponding variation in 
TDF. CRE is not additive due to the curvilinear nature of 
the graph while TDF 1s additive. 
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1:538. This shows that the TDF values will be affected to a 
much larger extent by variation of the values of 7 and H. 
The effect of changes of exponents on the magnitude of 
CRE and TDF was studied. For a given dose of 200 rad/ 
(-24, 0-28 and 0:20 with H —0:11 and for values of H= 
0-08, 0-11, 0-14 for values of 7—0-24. The values of TDF 
for these exponents are also shown in the same figure. It 
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can be seen from this graph that for 30 fractions of 200 rad/ 
fraction the NSD is changed by about -- 14 per cent with 
a change of 0:04 in the value of 7 and +10 per cent with a 
change of 0-03 in the value of H. The corresponding chan- 
ges of TDF are 67 per cent and 38 per cent. It may further 
be noted that when the exponent of 7 is changed by 0-04 
the changes in FDF are not equal when the magnitude ts 
increased or decreased. It is, therefore, our opinion that use 
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Fic, 2. 
Variation in CRE with number of fractions for various values of dose per fraction delivered five times a week for 
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of TDF is not to be advocated at the present juncture be- 
cause of its greater dependence on variations in the ex- 
ponents of T and N. 

Orton and Ellis (1973) have pointed out that the NSD 
concept has been misunderstood and incorrectly. used in 
many cases. The use of TDF is very easy because of its 
additivity and as values are readily available in tabular form. 
Simplification in the use of CRE could be achieved to a 
certain extent if CRE values were readily available and 
did not need to be evaluated each time. CRE values for 
various given doses and fractions were evaluated for one 
fraction/week to five fractions/week. Data for five fractions/ 
week are presented in Fig. 2. Use of this graph is illustrated 
by an example. 


Example 
A patient is given a treatment of ten fractions of 200 


rads a day in two weeks, the total intended number of 


fractions being 30, After a gap of five days, the treatment is 
resumed and it is desired that the treatment should be com- 
pleted in another ten fractions, What should be the daily dose 
to obtain the effect initially intended? 


Solution 

From Fig. 2 the expected NSD for 30 fractions of 200 
rads per day = T 760 ret. 
CRE for ten fractions of 200 rads = : 855 reu. 


097 = -829- 5 reu. 
CRE of 839 reu is ; given bv: 
4-3 fractions of 340 rad/fraction. 
4-6 fractions of 320 rad/fraction. 
5*1 fractions of 300 rad/fraction. 
NSD of 1,760 ret is given by: 
13-4 fractions of 340 rad/fraction. 
14-6 fractions of 320 rad/fraction. 
16:4 fractions of 300 rad/fraction. 
it i5 apparent now that a daily dose of 320 rad should be 
used if an additional ten fractions are to give the total NSD 
of 1,760 ret. We wish to thank Dr. F. Ellis for stimulating 
discussions on this subject during his visit to India. 
Yours, etc., 
S.J. SUPE, 
S. M. Rao, 
S. G. SAWANT 
Division of Radiological Protection, 
Bhabha Atomic Research Centre, 
Trombay, Bombay-400 085, 
india. 
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THe Eprror--Sir, 
CONTAINMENT OF UNSEALED Sources OF RADIONUCLIDES 
IN HOSPITALS 

Since my return from abroad, I have seen the letter by 
Mr. Moore (1975) on the containment of unsealed sources 
of radionuclides in hospitals. His letter was prompted by 
my paper (Hughes, 1974) on the design of efficient fume- 
cupboards which took as its starting point the need for a 
fume-cupboard and then proceeded to describe the necess- 
ary design details. | 

T agree with Mr. Moore that there are many situations 
where the provision of a fume-cupboard is an inappropriate 
and expensive method of providing containment for un- 
sealed sources. We have recognized this fact at Leeds and 
in some of our laboratories have introduced less elaborate 
dispensing cabinets for non-sterile work (Holliday, Fielding, 
and Hocking Ltd.*), These are similar in construction to a 
simple glove-box but with open ports or a restricted aper- 
ture for access. They can be adequately ventilated by a low 
capacity and less expensive extraction system than that 
required for a fume-cupboard, and provide sufficient con- 
tainment and localization for many procedures. 

If sterilitv of the unsealed source has to be maintained in 
addition to protecting the operator, quite elaborate cabinets 
and ventilation equipment may be needed (Everett and 
Hughes, 1975). The requirements for such work are discus- 
sed in the "Guidelines for the preparation of radiopharma- 
ceuticals in hospitals” which was drafted by a working party 
following the seminar held on this topic at the Royal 
Marsden Hospital, Sutton, in October 1974 and appeared as 
B.I.R. Special Report No. 11 (1975). 

Yours, etc., 
D. HUGHES. 
The University of Leeds, 
Radiation Protection Service, 
Leeds LS29]T. 
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The British Institute of Radiology and The Royal College of Radiologists 


The Royal College of Radiologists and ‘The British Institute 
of Radiology have each a distinct role to play in British 
radiology, and believing that these roles should be com- 
plementary rather than competitive, have prepared the 
present document for circulation to all their members. Its 
purpose is to define those areas of common interest where 
close co-operation between the two bodies is desirable and 
to indicate ways of achieving this. 

Their separate roles stem chiefly from their differing 
terms of membership. The British Institute of Radiology 
from its foundation as the Róntgen Society in 1897 has 
admitted medical, scientific and industrial members on en- 
tirely equal terms and draws its strength from the broad 
spectrum of knowledge and experience which this wide 
membership brings to the furtherance of the theorv and 
practice of radiology and its allied sciences. 

The Faculty of Radiologists was founded in 1939 as an 
exclusively medical body to represent the interests of medi- 
cal radiologists on professional matters and to establish high 
standards of training and qualification for entry to the 
profession. Its recent elevation to the Status of a Royal 
College naturally adds weight and authority to it in this role. 

The role of the Roval College will be to continue to en- 
courage the clinical practice of radiology and to liase on 
clinical matters with the other Royal Colleges, Faculties and 
Clinical Societies. As the professional body for medical 
radiologists it will have representatives on the Joint Con- 
sultants Committee for England and Wales and for Scot- 
land, the Councils for Postgraduate Medical Education for 
England and Wales and for Scotland, and the Distinction 
Awards Committee. It will conduct negotiations far medical 
radiologists on professional matters with the Department of 
Health and will continue to nominate assessors to Advisory 
Appointments Committees for consultant appointments in 
radiodiagnosis, radiotherapy, and nuclear medicine. It will 
continue to organize scientific meetings concerned with the 
clinical practice of radiodiagnosis and radiotherapy in 
liaison with The British Institute of Radiology ; to arrange its 
named lectures; to grant scholarships to radiologists in this 
country and from overseas for the furtherance of their 
experience and to organize postgraduate courses in radio- 
diagnosis, radiotherapy, nuclear medicine and ultrasound; 
to send its Travelling Professors overseas to developing 
countries and to conduct professional examinations for the 
Fellowship of the Royal College of Radiologists (F.R.C.R.). 
It will continue to publish its journal CLINICAL RADIOLOGY 
and to promote research. ‘Through its Regional Postgraduate 
Education Advisers it will continue to encourage recruitment 
to both branches of radiology and to supervise the training 
of radiologists. 

The Institute sees its main function to be the promotion 
and dissemination of scientific and medical knowledge in all 
fields of diagnostic and therapeautic radiology and the allied 
sciences. This aim will be pursued in the future, as in the 
past, by its programme of meetings covering all aspects of 
radiology and often crossing discipliniary boundaries, both 
medical and non-medical; by its organization of provincial 
and overseas branches; by its encouragement of research in 
radiology and in those newer fields of investigation such as 
radiobiology, ultrasound and nuclear medicine; by setting 
up working parties and organizing clinical trials in which 
both medical and non-medical scientists may be involved; 
and pre-eminently by its publication of the BRITISH 
JOURNAL OF RADIOLOGY and its Supplements. 

Once these roles are recognized it is clear that most medi- 
cal radiologists will wish in future, as in the past, to partici- 
pate as members in the activities of both bodies. There are 
naturally areas of common interest where close collaboration 
between the Institute and the Royal College is desirable in 
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order to serve their members and British radiology as a 
whole in the most efficient and economical manner. Some 
ways of achieving this collaboration are set out below: 
others will doubtless arise in the future. 


MECHANISM OF CO-OPERATION 

General 

The Institute and the Roval College together constitute 
the National Radiological Body recognized by international 
radiological organizations such as the European Association 
of Radiology and the International Society of Radiology. 
For this and similar reasons regular liaison exists and will be 
extended between the Secretary of the Royal College and the 
General Secretary of the Institute, and between the Regis- 
trar of the Royal College and the Honorary Secretaries of the 
Institute. 


Scientific meetings 

The programme of scientific meetings organized by the 
Institute and the Royal College and the Radiology Section 
of the Royal Society of Medicine will continue to be co- 
ordinated as in the past. While all three bodies will retain 
full responsibility for the particular meetings they each 
organize, including their memorial lectures, this joint plan- 
ning of the programme has operated to the great advantage 
of all their members and it serves as a model for co-opera- 
tion in other areas. : 
Liaison between comnüttees 

To improve liaison cross-representation is being arranged 
between the Faculty Boards of Radiodiagnosis and Radio- 
therapy and Oncology of the Royal College and the Medical 
Committee of the Institute. 


Advice to Statutory authorities 

In matters involving scientific and technical issues, e.g. 
codes of practice, the traming of technicians, organizational 
matters within the National Health Service, participation in 
the International Committee on Radiation Protection 
(I. C. R.P.) the International Committee on Radiation Units 
(I.C. R.U.) and discussion on E.E.C. directives, the Insti- 
tute and the Royal College may consider these issues 
separately or in joint working parties and may submit either 
separate or joint recommendations to the relevant authorities, 
They will, however, collaborate as closely as possible in such 
matters to prevent conflicting recommendations arising 
merely from inadequate liaison. 


Publications 

The journals of the two bodies and their other occasional 
publications will retain their separate identities and styles, 
but the possibility of combining some of the editorial office 
facilities will be explored in the interests of economy. 


Accommodation 

A previous attempt in the late 1960s to establish a British 
Radiology House which could accornmodate both the Royal 
College and the Institute as separate bodies but in close 
enough proximity to allow them to share valuable facilities 
such as lecture theatre, The Royal College’s film museum 
and the Institute’s Library, was unsuccessful. The Royal 
College is at present seeking new accommodation and if the 
possibility were to arise of acquiring neighbouring proper- 
ties suitable for separate occupation by the two bodies 
the Institute would consider whether it should move from its 
existing premises, convenient though they are for the 
present, to make possible the closer collaboration and shar- 
ing of facilities referred to above. 
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Conclusion 

‘The purpose of these proposals is not primarily financial 
though the collaboration we aim at should bring some 
economies, Rather we see their main purpose as the recog- 
nition of complementary roles for The Royal College and the 
Institute and the agreement of both to collaborate closely in 
areas of overlapping interest to their mutual advantage and 


that of British radiology as a whole. 


Howarp MIpDLEMISS 
Immediate Past- President 
The Royal College 

of Radiologists 

Mav, 1975. 


Book reviews 


Jomt Diseases— All the Arthropathies. By E. C. Huskisson 
and F. Dudley Hart, pp. xii-- 52, 2nd edn, 1975 (Bristol, 
Joha Wright and Sens), 325. 

The second edition of this small handbook has been pub- 
bashed just over a year after the first printing. This gives 
a good indication of the popularity and acceptance of the 
werk, A few additions have been made, the most notable 
heing a classification of the types of drugs used in rheumatic 
diseases and a separate section on back pain. There ts a short 
synopsis of each condition with notes on the incidence, 
distribution, clinical pattern, associated features and 
complications, laboratory findings and treatment. Radio- 
logical features are very briefly enumerated but not illus- 
trated, Despite this, radiological trainees will appreciate 
the format of the book as an aid to revision, especially in 
preparation for examinations containing multiple choice 
questions. E suspect that compilers of this form of ingui- 
sition. will also appreciate this, but for different reasons! 

W. M. Park. 


Real Solids and Radiation. By A. E. Hughes and D. Pooley, 
The Wykeham Science Series, pp. 196, 1975 (Wykeham 
Publications Ltd., London), £3-00. 

This book would interest physicists who are concerned with 
the effects of radiation on materials and in particular with 
the defects produced by the interaction of electromagnetic 
and other radiations with solids. Medical readers will find 
some interest in the last chapter which contains a short 
section describing how radio-photo-luminescence and radio- 
thermo-luminescence come about. The authors, from the 


WALTER SHANKS 
Immediate Past- President 
The British Institute 

of Radiology 


Atomic Energy Research Establishment at Harwell, are 
concerned respectively with the development and the 
physics of materials used in the atomic energy field. 

They have succeeded in writing a book which describes 
how the properties of real solids, as distinct from idealized 
ones which are so often used in theoretical descriptions of 
solid-state behaviour, may be understood in terms of the 
atomic and electronic structure modified by the presence of 
various types of structural defect. The interaction of solids 
with radiation has however been kept in mind throughout 
the book and is a recurring theme. When discussing the 
effects of radiation, reference is made not only to the elec- 
tromagnetic spectrum from infrared to high energy radia- 
tion (10 MeV), but also to ton bombardment, neutron 
irradiation, and electron irradiation. 

The book provides a condensed, but nevertheless wide 
introduction to the physics of solids. ‘The first two chapters, 
dealing with atoms and atomic structure, electron shells and 
tvpes of crystal bonding, could well be of assistance to 
anyone teaching physics up to degree level. The descrip- 
tions given in the text of the properties of matter are suffi- 
ciently complete that the book can be read without neces- 
sarilv following the mathematical treatment. Having said 
this, it is important also to say that wherever formulae and 
mathematical descriptions are useful or relevant to what is 
being said these have been included. 

The book is very well written, and the diagrams and il- 
lustrations are of a high standard. It is a production which 
will appeal to those journal readers who wish to learn about 
the solid state from a very basic viewpoint. 'The production 
is in glossy paperback form and at the price is very good 
value. 


N. W. Ramsey. 
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Forthcoming events and other notices 


The editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 
the "Forthcoming events and other notices" section will in future only carry notices of general interest and 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meetings announcements in the B/R BULLETIN which is 


distributed quarterly to all members. 


ANNUAL CONGRESS AND SCIENTIFIC EXHIBITION 
To be held on April 8—9, 1976 at the University College, 
London. For information and registration please contact 
the General Secretary, British. Institute of. Radiology, 32 
Welbeck Street, London W1M 7PG. 


RADIOLOGY OF VISCERAL VENOUS OBSTRUCTION 
The Mackenzie Davidson Memorial Lecture, by Dr. M. 
Viamonte, Director of Radiology, University of Miami, 
School of Medicine, to be given at the University College, 
London, April 8, 1976. 


INSTITUTE OF ACOUSTICS SPRING CONFERENCE 1976 

To be held at Engineering and Science Building, Liver- 
pool Polytechnic, Byrom Street, Liverpool 3, April 12-14, 
1976. 

Contributions are invited and should be submitted to 
Dr. R. Lawrence, Principal Lecturer, Acoustics Group, 
Physics Department, Liverpool Polytechnic. 

Further information and registration from The Secre- 
tary, Institute of Acoustics, 47 Belgrave Square, London 


SWIX 8QX. 


MEDICAL Images: FORMATION, PERCEPTION AND 
MEASUREMENT 

The Seventh L. H. Gray Conference, which will be 
concerned with the fundamentals of medical images, 
wil be held at the University of Leeds, England, on 
April 13-15, 1976. 

Address for further information: Dr. M. J. Day, Regional 
Medical Physics Department, Newcastle General Hospital, 
Newcastle upon Tvne NE4 6BE, England. 


Tug Use or HYPERTHERMIA AND NoN-IoNiziNG RADIATION 
IN THE TREATMENT OF Cancer, May 21, 1976 
This meeting to be held at the British. Institute of Radi- 
ology, Institute House, 32 Welbeck Street, London W1M 
7PG. 


Further information from the General Secretary. 


POSTGRADUATE COURSE IN TOMOGRAPHY OF THE "TEMPORAL 
BONE 

To be held in Copenhagen, June 3—4, 1976. The course is 
sponsored by the I-C.R., the A.E.R. and the Scandinavian 
Association of Radiologists, and will be directed by Dr. 
Sam Briinner, president of the Congress. 

For further information and registration, please contact 
Dr. Paul E. Andersen, Department of Radiology, Univer- 
sity Hospital, 5000 Odense, Denmark. 


HEALTH PHYSICS SUMMER SCHOOL 
The 17th annual Summer School in Health Physics 
(Radiation Protection) will be held at Imperial College 
from June 21, to July 2, 1976. 
Initial enquiries should be sent to Dr. H. D. Evans, 
Department of Chemical Engineering, Imperial College, 
London SW7 2AZ. 


Breast: Non-Cancerous DISEASES 

To be held in Strasbourg, France, June 30--July 3, 1976. 
The 4th International symposium on Senology, under the 
auspices of the European Association of Radiclogy; 
includes study-groups with invited lectures and methods, 
mastopathies and lactation; proffered papers on topics 
covered by the above three study-groups and additionally; 
infections, malformations, breast pathology, computer 
analysis, comparative psychology and breast functions; a 
scientific exhibition and a technical exhibition. 

The symposium will be preceded by postgraduate 
teach-ins, on June 28, 29, ultrasonography (by Société 
Francaise d'Echographie) on June 29, thermology (Euro- 
pean ‘Thermographic Association) and on June 29, xero- 
graphy, 

Apart from the postgraduate teach-ins, there will be 
simultaneous translation in the official languages of the 
symposium - English, French and German. 

Further information from Symposium Sénologie 1976, 
Professor Charles Gros, Palais des Congrès, 67000 
Strasbourg, France. 


COMPUTERS IN RADIOTHERAPY IN EUROPE 

It is proposed to hold a Workshop at IAEA, Vienna, on 
July 5-10, 1976, organized by the Groupe Informatique, 
A.E.R. with the support of the European Association of 
Radiology. The aim will be to establish the contribution 
that the computer makes at the clinical level in the fields of 
dose computation, clinical records, radiobiologv, etc., and 
to determine future development. 

Further information from Dr. D. N. Edwards, Clinical 
Research Unit, Mersey Regional Centre for Radiotherapy 
and Oncology, Clatterbridge Hospital, Bebington, Wirral, 
Merseyside L63 47Y, U.K.; or Dr. T. Moller, Radio- 
terapikliniken, Lasarettet, 5-221 85 Lund, Sweden. 


First MEETING or THE WORLD FEDERATION 
or ULTRASOUND IN MEDICINE AND BioLocy 

This meeting, to be held August 3-7, 1976 in San 
Francisco ts the third world congress on ultrasonics in 
medicine. 

Reduced registration fees are payable by members of the 
international sub-group of the British Medical Ultrasonics 
Group. 

Further information from: ist W.F.U.M.B., PO Box 
25606, Oklahoma City, Oklahoma 73125, U.S.A. 

For information above B.M.U.G. contact the General 
Secretary, B.L.R., 32 Welbeck Street, London WIM 7PG. 


STH CONGRESS OF THE SOCIETY OF HuNGARIAN RADIOLOGISTS 
AND 
12rH ANNUAL MEETING OF THE EUROPEAN SOCIETY FOR 
RADIATION BIOLOGY 
To be held in Budapest, Hungary, October 19-22, 1976. 
For further information please contact the Congress 
Office (H-1361 Budapest, PO Box 32, Hungary). 
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Forthcoming events and other notices 


RapravioN Prorec’ HON: Aw EXAMPLE OF ACTION AGAINST 
lopgg«. HAZARDS 

The LR.P.A. ts orga i its 4th International Congress 
at the Paris Convention Centre from April 24-30, 1977. 

The theme will cover scier ific, health and technological 
aspects, protection of workers and protection of the public 
asd the environment, 

For further information please contact M. G. Bresson, 
Seorétaire-Général du [Véme Congres International de 
PLBLPLA., B.P. no. 33, 92260 Fontenay-aux-Roses, France. 
















SENSITIZERS IN RADIOBIOLOGY AND 
. RADIOTHERAPY | 
H. Grav Conference will be held in St. 


Hvroxic CELL 





The 8th L. 


Obituary 


Catherine's College, Cambridge, on September 5-9, 1977, 
and will discuss subjects ranging from basic mechanisms of 
hypoxic cell sensitizers to clinical applications of these 
agents. 

Further information may be obtained from Dr. G. E. 
Adams, C.R.C. Gray Laboratory, Mount Vernon Hospital, 
Northwood, Middlesex HAG 2RN. 


XIV INTERNATIONAL CONGRESS OF RADIOLOGY 
‘To be held in Rio de Janeiro from October 23 to October 
29, 1977. 
Further information from XIV? Congresso Internacional 
de Radiologia, Patrocinio Colégio Brasileiro de Radiologia, 
Rio de Janeiro, Brasil. 


roneo ennaii taona 


: Professor R. A. Oliver 


It is with regret that we advise readers of the 
death on Saturday, March 6, 1976, of Professor Ray 
Oliver (1921-1976) member of the British Institute 
of Radiology and an active member of many of its 


Committees. 


We hope to publish a full obituary in the near 


future. 
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Book reviews 


Encyclopedia of Medical Radiology Vol. 10, Roentgen Diagnosis of the Heart and Blood Vessels 


Cardiac Catheterization and Angiocardiography in Severe Neonatal Heart Disease 


Tomography of the Temporomandibular Joint 


Stress Fractures 


Recent Results in Cancer Research. Gliomas. 


The Radiology of Joint Diseases 


Joint Diseases- All the Arthopathies 
Real Solids and Radiation 





Sir Charles Gairdner Hospital 
Perth Medical Centre 
PERTH, WESTERN AUSTRALIA 


Radiologist 


The Sir Charles Gairdner Hospital is a 540 bed general 
hospital in the process of expanding to 900 beds. The 
Radiology Department is presently well equipped and a new 
and enlarged department will be incorporated in a building 
presently under construction, 

The department presently has an establishment of five 
specialists and four registrars. A general radiologist is 
required but a particular interest in ultrasound or neuro- 
radiology may bean advantage, 

Remuneration is partly by sessional payment and partly by 
a series of allowances, It should total not less than $40,000 
per annum. Further information on conditions of service, 
provision of travel expenses and details of the hospital and 
the department are available on request from the Head of the 
Department. Applications close 30th April, 1976, and should 
be forwarded, together with the names and addresses of 
three referees, a recent photograph and curriculum vitae to 
the Medical Superintendent, Sir Charles Gairdner Hospital, 
Perth Medical Centre, Shenton Park, Western Australia, 6008 


Staff Radiologist 


Large Midwestern University needs Radiologist 
with interest in Ultrasound and/or C.T. Scanning. 
Present ultrasound facility expanding. C. T. scanner 


expected in mid-summer. 

Write: James Bowie, M.D., The University of 
Chicago Hospitals and Clinics, 950 E. 59th Street, 
Box 429, Chicago, Illinois, 60637, U.S.A. 

An Equal Opportunity Employer m/f. 


Important 


Change of Address 


Will advertisers please note that 


the new address of the B.J.R. Advertising 
Department is : 

24a Litchfield Street 

London WC2H 9NX 


Tel 01—836 5281 
Telex 265972 
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Universal Bucky 


The TR Universal Bucky Stand — the modern aid to 
the busy Department. The rotating movement of 
the tube/bucky support arm meets the needs of 
routine casualty, chest and skull work. The unit 
links with any existing generator and space 
requirements are minimal. It is easy and rapid to 
position — three switches control all movements. 
Options include automatic exposure control and 
automatic collimation of focal distance and 


cassette size. 





DHSS item No. 12/040222 


TODD RESEARCH LTD 


ROBJOHNS ROAD 
j" CHELMSFORD CMI 3DP 
TEL. 62233/7 TELEX 99327 


4. Contact us for details. 





See this Universal b 
Bucky Stand at 
22 Newman St., 
London W.1 — 





Permanent display: 
Mon.—Fri. 9-5 
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Major 
requirements 
in paediatric 
radiology... 


The change-over from examinations in 
duits to children is quite literally a 
natter of seconds. The paediatric 
supports are quickly installed and 


removed, parking when not in use is easy 


and convenient 

The supports are mounted on a column 
nserted into a permanently installed 
footrest: this latter feature greatly 
facilitates the change-over procedure 
whilst ensuring maximum safety 


Though varying greatly in size, 
neonates and adolescents both 
belong to the domain of the 
paediatric radiologist, thus special 
requirements are imposed on the 
radiological equipment used. 

In the case of newborns, accurate 
positioning and short exposure times 
are of primary importance. Some 
older children are already of adult 
size. This again, imposes other 
requirements 


...NOW 
recognised 
by Philips .... 





2. The assembly can be moved in its 
entirety towards and away from the 
tabletop by motordrive. In this way a 
short object-film distance and a longer 
focus-object distance are obtained for 
serial changer radiography and image 
intensifier fluorography. As a result 
images are sharp and the radiation dose 
to the patient is minimum 


3. The serial changer parks aside, clearing 
the tabletop for bucky work with an 
over-table tube 


in two largely complementary X-ray 
systems which, together ideally meet 
all these requirements: 


The Junior DIAGNOST System - a 
special paediatric system for the 
radiography of patients up to some 
seven-years "tall". Rapid, convenient 
patient positioning and excellent 
image quality are among the out- 
standing features of this system. In 
essence, the Junior DIAGNOST 
comprises three separate stands: 
one for thorax studies, onefor general 


a i 


....and met to 
the full at 


Karolinska 
Sjukhuset. 


Delegates at the 13th Meeting of the 
European Society of Pediatric 
Radiology are cordially invited by the 
Children's X-ray Department. There 
you will have the opportunity to see 
both systems operating under 
practical conditions. They have been 
installed for some time now and the 
personnel have become experienced 
in their use. You will find a visit both 
rewarding and revealing 


Medical 
Systems 


PHILIPS 


radiography and the third for tomo- 
graphy. They are operated from a 
single, ceilingsuspended X-ray tube 
powered by a single, high-output H.T 
generator. The entire system fits 
neatly into one small examination 
room. 


The DIAGNOST 73 P - a dedicated 
paediatric system for fluoroscopic 
and radiographic examinations in 
children regardless of their age or 
size. At the same time, howewver, it 
offers all the facilities of a universal 


— 


Thorax studies are easily made with the 
Junior DIAGNOST V 

A footswitch enables the exposure to be 
triggered exactly at the correct 
respiratory phase. The collimator has 
been designed to ensure that stray 


radiation reaching the hands of the radio- 


grapher is kept to the safe minimum 


X-ray system. The ancillary equip- 
ment for the DIAGNOST 73P includes 
easily fitted supports for babies, for 
children from two to about six years 
and also a set of special supports for 
use in pneumo-encephalography and 
urology. ^ 


2. In the case of the Junior DIAGNOST H 
positioning is simplicity itself - the tray is 
moved and not the child 
The extremely short object-film distance 
of approx. 9 mm results in excellent 
image quality 


3. Tomography with the Junior DIAGNOST 
T can be performed with the stand 
horizontal, vertical or in any intermediate 
position 
The tomographic effect is produced by à 
combined movement of patient support 
and film cassette with the X-ray tube 
remaining stationary. The very short time 
required to complete the blurring move- 
ment viz. 0.01 sec. per 4 degrees of arc 
solves the problem of immobilisation 


PHILIPS 
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A complete installation 
for general remote controlled 
radiodiagnostics (wur 
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CGR now introduce a new integrated radiological 
installation consisting of a Supralix Remote Controlled 
Table with Tomography * Dualix 1200mA 3-phase X-ray 
Generator * 23cm Image Intensifier with TV System * 
Automatic Dose Control * Automatic Exposure Control * 


SUP RADUA LIX High-speed Tube and Starter with choice of foci. 
This complete system has been designed for easy 


rom 


installation and servicing as well as for low running costs. 
*The Supradualix is complete for less than the cost 
of many a generator, intensifier and tube alone. 


Full details and specifications from 


CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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Trans 





erse Scan. Abdomen with gross ascites. Small 


bowel floating in ascites 


L4 





ngitudinal Scan of mass 





Transverse Scan Lower abdomen 





Longitudinal Scan. Multicystic/solid mass arising out of 
pelvis 





Transverse Scan of mass. Ovarian Cystadenocarcinoma 


All illustrations courtesy Northwick Park Hospital 
Harrow-on-the-Hill 


Full details of the NE 4104G Greyscale Storage 
Display, NE 4104C Colour Storage Display and of 


thelatest developments in the Diasonograph 
Ultrasonic Scanner Range on request 


Sighthill, Edinburgh EH11 4E Y, Scotland 

Telephone: 031-443 4060 

Cables: Nuclear, Edinburgh Telex: 72333 

Associate Comparne: 

j ear Enterprises GmbH, Schwanthalerstrasse 74 

8 Muncher German, Tel 53-62-23. Telex 529€ 

Nuclear Enterprises i 935 Terminal Way San Carlos 
Wforrma 94070. Tel: 415593 1455. Telex: 348371 


NUCLEAR 
ENTERPRISES 
LIMITED 


ihe most powertul medical Accelerator unit avaliaDie 


ASKLEPITRON 45 
MEDICAL ELECTRON ACCELERATORS 


ASKLEPITRON® 45/GA ASKLEPITRON® 45/GS 


e. x ! 
F xy 
a pi ‘ee 
Asklepitron® 45 installed at the cantonal hosprta 





Universal 45 MeV unit for electron and * Select and confirm 


X-ray therapy * Dual dosimetry to ICRP Recommendation 15 
* Large choice of energies * Automation facilities 
* High dose rates: reduced irradiation times * Magnetic lens for electron-beam therapy 
* Full movement versatility, precise * Dose-rate values: 
positioning, preselection facility for short electrons: 200—500 R / min (equalized) at 
setting-up times (only for Asklepitron* 45) 5-45 MeV 
* High degree of reliability, excellent X-rays : 120 R/ min (equalized) at 
protection, simple operation 45 MeV 





SEC 


NUCLEAR, THERAPY & 
ULTRASOUND DIVISION 


Responsible Technology 





Product Information from: 
GEC Medical Equipment Limited - P.O. Box No. 2 - East Lane - Wembley - Middlesex 
England HA9 7PR. Telephone: 01-904 1288 - Cables: Skiagram Wembley : Telex: 922177. 


BBC Brown Boveri Co. Limited - Dept. EKV-B - 5401 Baden - Switzerland. 





Patient data can be fed directly into the 
system by reading cross-sectional 
diagrams or radiographs with a digitizer. 
or entered through the typewriter-like 
keyboard 


Hewlett-Packard 9830 


radiation therapy 


A series of programs enables the system 
to produce automatically highly accurate 
treatment plans for both tele-therapy and 
brachy-therapy. Computational mistakes 
and incorrect table readings are virtually 
eliminated. Therapists have more time for 
treating patients. 


treatment planning system. 
Accurate: fast: graphic: low-cost. 


If you are still carrying out radiation therapy 
treatment calculations by hand, this Hewlett-Packard 
system will interest you. It carries out this demanding 
work to a high level of accuracy, in a fraction of the 
time required to achieve the same results by hand 
and for far less than you might expect a fully 
automated system to cost 

The system comes complete with nineteen 
programs, thoroughly-proven and in regular hospital 
use. Included are programs covering dose 
calculations for cesium, radium, cobalt and 
high-energy electron therapies; treatment calculations 
for intracavitary, interstitial, regular and irregular 
fields, multiple and moving beam therapies can be 
carried out. A general 'book-keeping' dose summary 
program automatically keeps patient dosage 
records up-to-date 

The Hewlett-Packard 9830 system is so easy to 
use that radiation therapy technicians with virtually 


no previous computer experience can input data and 
activate the calculating process themselves. Less 
time spent on doing and checking calculations means 
more for actual therapy, shorter lead times before 
therapy can begin, a greater through-put of patients 
and, possibly, the opportunity to undertake more 
complex types of treatment. 

Moreover, the system is highly flexible. If it is not 
fully-employed on radio therapy, it can be used to 
solve problems in many other areas; RIA, medical 
statistics and so on. 

For a complete fact file, simply return the coupon. 
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HEWLETT 


Sales and service from 172 offices in 65 countries. 











Patient dose data is presented graphically on 
this plotter, or in tabular form by the system's 
printer. To produce by hand the levels of 
accuracy attained would be inordinately 
time-consuming and in some cases 
impossible. Costs per treatment are far 
lower than those for any other 
automated system of treatment 


planning. 
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DATE: NOV. 25, 
PATIENT: 211% 


Re Address to 
m Germany Please send me a 
ae Hewlett-Packard GmbH, complete fact file of the HP 9830 Radiation Thera; 














Frankfurt, Bernerstrasse 117, 
Postfach 560 140, 


D-6000 Frankfurt 56 Name 
France 
Hewlett-Packard France, Marcom Dept, 
Quartier de Courtaboeuf, Position 
Boite Postale No. 6, F-91401 Orsay 
UK. 
Hewlett-Packard Ltd., Enquiry Dept., Address 


King Street Lane, Winnersh, 
Wokingham, Berks. RG11 5AR. 

Rest of Europe 

Hewlett-Packard GmbH, Herr Ed Hop, ER Lo 
Calculator Marketing Group Boeblingen, 


Marcom Dept, Vertriebszentrale, treatment planning system. (RAD 3) 
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The Philips Integrated T ar rogramme 
ensures incr eased efficienc 2 the modern 
5 radiothera apy departn nent by | raving a common 
esign philo Sophy, A larity of operational 
xrocedures and sim} plified service, 
rhe programme embodies maximum 
reliability and patient safety. It incorporates a 
iong-term plan providing the clinic and hospital with 
the : essentia al ibn ay for today and th e futi Ire 
Lhe new Philips 5MV linear accelerator is 
the latest introduction to the Prog ogramme. 
piu. hine that has been specifically 





were € 





designed for the radiotherapy dep d n. ed ding 
a unit for X- ray treatments when electron therapy 
: "E n ext req ii ; Y £ A 


Fulfilling an Mipérion role. 
For the smaller clinic, the SL 7 i 5 offers all 
a sation of the higher energy linear 
accel Hite n n me series. but it nas also | been 
caret to match other units in the 


For departments wh ere the higher energy 
hines are already in en the common 
gn | philo — of the SMV enables it to be 
jily integrat ted into | ihe. dep partment 

All his is makes the BMV ideal as a primary 
treatme nt unit OF a Sec :ondary unit for the larger 
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This is what you can expect in 
performance. 

The SL.75/5 will handle 00 patients a day 

The X-ray energy can be set in the 4-6MV 
range and is monitored and « dide lled by the same 
system that is used in the other Phili ips linear 
eoi tors and so ensures accurate energy 
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‘Dose rates at 350 rads per minute at one 
metre can be ac neved at 5MV (Equivalent to 
550 rads per minute at 80cm) 


14 


E 


: grated ther a Dy prog ramme. 


The maximum field size is 40x 40cm at 
one metre F S.D. 

A 420° gal ntry rotation has been included to 

re rapid setting up of patient treats Laue 

All movements are motorised with variable 
speed control and have simultaneous movement 
capabil ities. 

M Is also a choice of treatment tables. 
Either a high lift ram type or an above floor version. 
(A combination of table side supports and centre 
spine construction allows beam access from 
any angle; 


Safety as always. 

A major aspect of the SL.75/5 design 
concerned safety. 

The dual channel dosimetry system Is 
backed by a timer. Select and confirm routines 
ensure maximum patient safety and reduce 
operational errors. And if required, a verification 
system can also be added. 

Where room protection is limited, a 
retractable beam absorber is available that can be 
interlocked to prevent irradiation to unsafe 
directions. 

Dose and time LED displays are 
automatically maintained in the event of an 
electrical supply failure. 





Find out more about the 5MV and the 
entire Philips Integrated Therapy Programme. 

Here we have made a brief mention of just a 
few aspects that make the SL.75/5 an ir SEN 
addition to the Philips Integrated Therapy 
Programme 

The pem ire Programme | includes c obalt units, 
iocaliser/simulator, a treatment planning system 
and ortho-voltage therapy units. 

Philips are constantly developing new 
equipment for the highly specialised radiotherapy 
f eid. 


if you would like to know more about the Philips Integrated Therapy Programme, 


please write to: N.V. Philips, Medical Systems, Eindhoven, The Netherlands, 
or The MEL Equipment Company Ltd, PAD. Manor Royal, Crawley, Sussex, England, 
or Philips Medical Systems Ltd, 45 Nightingale Lane, London SWI2 8SX, 
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thband X-Ray Protectic 


Our Complete Range of SUPER-FLEXIBLE 
MULTI-LAYERED Garments. 





1. Excellent Flexibility. 


2. Prices Very Competitive. 


3. Simple effective Toggle Side Fastenings as standard on our Double Sided Aprons. (But all our 
other side fstenings continue readily available if preferred.) 


mo 


eh 


slim fitting to suit the LADIES, 





ToenhbosD 061 -834 1303 


ROTHBAND & CO. LTD 


. Choose fram four lead equivalents —125 mm., 25 mm., 35 mm and -5 mm. 
. Choose fram seven colours in our very strong NON-TEAR washable covers. 


. Any length or size of any garment is readily available, including Double Sided Aprons in a 


21 Elizabeth Street, 
Manchester, M88WT 


Established 1860. 


detection and | 
measurement of | 
gamma radiation | 


ACCURATE | 


FILOUBILISST 
FAELIABLE 


A ano ce OMPANY LIMITED 
| Mies Road Macham CR4 3YP Tel Q1 -648 1668/9 
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We are looking for 


an Experienced 
Radiotherapist 
for the preparation of therapeutic applications 
of pion beams, 


The successful applicant is expected to have 
extensive in-depth experience in the fields of 
radiobiology, dosimetry and modern X-ray diag- 
nostics and an interest in preclinical and clinical 
experiments. Ability to work as a member of an 
inter-disciplinary team, involving physicians, 
biologists, physicists and engineers is essential, 
as well as willingness to take on a certain 
amount of administrative coordination of the 
project. 


Applications including curriculum vitae, refer- 
ences (publications) should be sent to the 
director of Swiss Institute for Nuclear Research, 
Professor Dr. J. P. Blaser, CH-5234 Villigen 
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not later than 30 June 1976. f 











In Radiography 


"€ Contrast Media 


Products of distinction in their substance and shadow 







Conrav' contrast media are formulations of either meglumine iothalamate, sodium 
iothalamate or combinations of the two These high iodine/low viscosity 
preparations have an est iblished record of excellence in providing widen argins o1 
safety and tolerance for the patient together with optimum visualization in à 

con orenens Je rangi OT rar grap NIC proc edures 





Retro Coma Conray* 

mitad Contrast Media- 
A salt for all reasons 
A view of all regions 
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Cobalt 60 is still 
an important part 
of AECL's business 








Like the Therac Series — a totally new line of linear accelerators 
with energy output from 6 to 40 Mey 


= 


Like the Therasim 750 Universal Simulator — AECL pioneered the Like the T.P. 11 treatment planning system — a sophisticated blend 
design of therapy simulators for use with all makes of of computerization and electronies which adds a new dimension 
accelerators, betatrons and Cobalt 60 units. in the preparation of reliable therapy treatment piannin 
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T iLike the Cobalt 60 Units — AECL 

: d the world’s first commercial p ac 
- Cobalt 60 teletherapy machine — Like medical isotopes 

Like the Gammace!! 40 Biological Research > now AECL's units serve mankind thousands of cobalt 


AAAA 


irradiator — Hundreds of AECL research in over 70 countries 0,000.000 curies of 
irradiators are in daily use around the world. ries of isotopes for d 


~ 





Atomic Energy 
of Canada Limited 
Commercial Products 
P.O. Box 6300, Ottawa, Canada 

K2A 3W3. Tel. 613/592-2790 


Cable Nemota * Telex 053-416; 
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Tatal Dedication to Wedical : 


Like the JS 6500 — one of a series of AECL’s production line gamma 


sterilizers for medical dispe n operation on all continents "eataeat and Research 
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The Mobaltron F.100 is the most sophisticated 
machine in the T. E.M. range of teletherapy units, 
also being the only cobalt therapy unit in the 
world in current production to work at 

100 cm S. A.D, 


The Mobaltron F.100 has the facility for rotation 
oscillation and split arc techniques and is 
provided with the T.E.M. cushioned top split 
spine treatment table. This table allows a 
completely clear field of view to the patient 
from any angle. 


T.E.M. manufacture a complete range of cobalt 
therapy and simulation units. 


For further information please write to 


[TEMI 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RHIO 2RG, England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 





SIEMENS 


Examination of 
ahard worker. 


€ High outputs: 

800 mA at 60 kV & 400 mA at 
125 kV (BOO model) 

or 1000 mA at 70 kV & 300 mA 
at 150 kV (1000 model) 

@ Short exposure times with 
thyristor switching 

e Stabilized kV during radiography 
@ No interrogation time 

e Remote programmed setting or 
free selection of radiographic data 
e 12 pulse circuitry 

e High speed starter incorporated 


With features like these, 
Garantix generators are bringing 
new standards of reliability and 
ease of operation. Their high out- 
put is suitable for busy single IHE 
room layouts with high patient " 
loading and also for use in special 
techniques. Both Garantix models 
are operated simply — and 
efficiently. 

Over a wide field of routine 
diagnosis, Garantix generators 
are proving to be powerful friends. 


Siemens Limited 

X-Ray Group 

15-18 Clipstone Street, London 
W1P 8AE. Tel: 01-580 2464 





The Garantix Generator. 
From Siemens. 
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. WILL HANDLE OVER 70% 
OF MOST RADIOLOGY NEEL 
WILL ANY OTHERS? 


Over 7 years ago, Picker introduced the first practical cassetteless radiog 
raphy system — the Automatic Chestfilmer. Picker followed up this revolu 
tionary concept with the first cassetteless horizontal Bucky system, Picker s 
Rapido®. Now a combined Picker cassetteless installation, with RapX'" fil 
transport and automatic film processor, can handle over 10% of the examina 
tions in a busy radiology department - without cassettes and with superior 
radiographic quality. Picker is the proven way to go all-cassetteless. At last 
count, over 400 Picker cassetteless installations were in operation or o 
order around the world. 

Full details from Mr. A. J. M.Spaapen, Picker International Operations GmbH, 
6201 Auringen- Wiesbaden, Feldberg Strasse 6, West Germany. 


PICKER’ 








THE NORTH BRISBANE HOSPITALS BOARD ADMINISTERING 
THE ROYAL BRISBANE HOSPITALS GROUP AND ASSOCIATED HOSPITALS 


Director of Diagnostic Radiology 


Applications are invited from specialist radiologists for appoint- 
ment to the position of Director of Diagnostic Radiology, The 
North Brisbane Hospitals Board. 


The North Brisbane Hospitals Board controls the Royal Brisbane, 
Royal Women's and Royal Children's Hospitals and these are 
major teaching hospitals for the University of Queensland. The 
Royal Brisbane Hospital provides medical, surgical, out- patient, 
gynaecologicai, radiotherapy, casualty, orthopaedic and 
psychiatric services, with approximately 1,050 beds; the 
Royal Children's Hospital paediatric treatment with approxi- 
mately 200 beds and the Royal Women's Hospital obstetric and 
neo-natal care with approximately 350 beds. The day-to-day 
running of the complex is in the hands of a Hospital Executive 
comprising three Executive Directors—Medical Services, Nursing 
Services and Administrative and Support Services. 


Each hospital in turn has a Management Committee comprising 
the three Branch Heads within that hospital responsible to the 
Hospital Executive administratively, with each Branch Head 
having functional responsibility to the appropriate Executive 
Director. 


The Director of Diagnostic Radiology will be responsible to the 
Executive Director, Medical Services for the radiological services 
of the Board's Hospitals as a whole and to the Medical Super- 
intendents of the individual hospitals for radiological services 
within those hospitals. 





The University of Queensland has indicated that it will give sym- 
pathetic consideration to a request that the Director of Radiology 
be given formal honorary status in a University Department. 
The appointment will be permanent after a twelve month 
probationary period, in accordance with the terms of appoint- 
ment. 


The appointee will be entitled to five weeks annual leave, sick 
leave, conference leave, and overseas study leave (usually taken 
at the end of seven years) but by special arrangement with the 
Board after a shorter period. 


The position is full time and superannuated. Salary is $31,920 
(Australian) per annum. 


Further particulars may be obtained from the Executive Director 
of Medical Services. Applications giving full details of guai- 
fications, age and experience, together with the names and 
addresses of three referees should be forwarded to the Executive 
Director Medical Services, the North Brisbane Hospitals Board, 
Base Hospitals Post Office, Brisbane 4029, Australia, not later 
than May 31, 1976. 


The Executive Director Medical Services will be visiting the 
United Kingdom from May 22 to July 31, 1976, and an interview 
may be arranged through the Agent General for Queensland, 
Queensland House, London (5572). 


THE NORTH BRISBANE HOSPITALS BOARD ADMINISTERING 
THE ROYAL BRISBANE HOSPITALS GROUP AND ASSOCIATED HOSPITALS 


Deputy Director in-charge, Special Procedures 


Applications are called for the position of Deputy Director of Radiological services to be particularly in 
charge of Special Procedures, The appointee will work under the general direction of the Director of 
Radiolagical Services Royal Brisbane complex. The Royal Brisbane Hospital provides medical, surgical, 
out- patients, gynaecological, radiotherapy, casualty, orthopaedic and psychiatric services and has 


approximately 1,050 beds. 


Special procedures would include in the main vascular studies, however, it is envisaged that other organ 
imaging systems in particular ultrasonics will fall in this category. Plans are being formulated for 
integration of all organ imaging systems and the appointee would be expected to take an active part in 


this planning. 


The position is full time and carries superannuation, five weeks annual leave, sick leave, conference leave 


and study leave. 
Salary is $29,260 (Australian) per annum. 


Further particulars may be obtained from the Executive Director Medical Services and applications, 
giving full details of qualifications, age and experience, together with the names and addresses of three 
referees should be forwarded to him at the North Brisbane Hospitals Board, Base Hospitals Post Office, 
Brisbane 4029 Australia, not later than 31st May, 1976. 


The Executive Director Medical Services will be in the United Kingdom from 22.5.76 to 31.7.76 and 
an interview may be arranged through the Agent-General for Queensland, Queensland House, London 


(5567). 





echnology 


Responsible t 


GEC Medical Equipment Limited 
Middlesex HAY 7PR 


P.O. Box2 ° East Lane ' Wembley 
Tel: 01-904 1288 : Telex: 922177 


Cables: Skiagram, Wembley 
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Five centuries of progress 


Medicine has grown up since the fifteenth century. 
To benefit from the latest advances in X-ray dia- 
gnostic technology come to the world leader in X-ray 
image intensifiers: THOMSON-CSF. A complete 
range of third-generation, high resolution tubes with 
caesium iodide screens is offered, having input 
fields from 11 to 32 cm (the only commercially avai- 
lable 32-cm tube), zoom capability, integral housings, 
and matched compact power supplies. They have 
been accepted by government health organisa- 
tions all around the world and are universally ac- 
claimed. | 





THOMSON-CSF 


THOMSON-CSF ELECTRONIC TUBES LTD./ RINGWAY HOUSE / BELL ROAD / DANESHILL 
BASINGSTOKE RG24 OQG/ TEL. : (0256) 29155 / TELEX : 858865 
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THE NORTH BRISBANE HOSPITALS BOARD ADMINISTERING 
THE ROYAL BRISBANE HOSPITALS GROUP AND ASSOCIATED HOSPITALS 


Deputy Director in Charge 
ROYAL CHILDREN'S HOSPITAL, BRISBANE 


| 

i 

| 

| 

| 
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i 

| 

| 

Applications are called for the position of Deputy Director of Radiology to be in charge of the Radiological 
| Department at the Royal Children's Hospital. The appointee will work under the general direction of the 

| Director of Radiological Services, Royal Brisbane complex. Plans are being formulated for the complete 

| redevelopment of the Radiological Department at the Royal Children's Hospital and the appointee would 
| be expected to take an active part in this planning. 

| The position would involve an extensive amount of radiological practice in the paediatrics field as well as 
| teaching both undér graduate and postgraduate. 

| The position is a permanent one after a period of twelve months probation. 

Five weeks annual leave, sick leave, conference leave and overseas study leave is provided. 

| Salary is $29,260 (Australian) per annum. 

| Further particulars may be obtained from the Executive Director Medical Services and applications 

| giving full details of qualifications, age and experience, together with the names and addresses of 

| three referees should be forwarded to him at the North Brisbane Hospitals Board. Base Hospitals Post 

| Office, Brisbane 4029, Australia, not later than 31st May, 1976. 

The Executive Director Medical Services will be in the United Kingdom from 22.5.76 to 31.7.76 and 

| 

| 

| 
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an interview may be arranged through the Agent-General for Queensland, Queensland House, London 
(5577). 
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Royal Children's Hospital, Melbourne, Victoria, 3052 


Applications from appropriately qualified medical practitioners are invited for the position of: 


Director of Radiology 


The Royal Children's Hospital! has at the present time 517 beds. Last year there were 18,926 in-patient 
admissions and 208, 695 out-patient attendances. The hospital is the paediatric teaching hospital for the 
University of Melbourne. All aspects of paediatric medicine and surgical care are carried out within the 


The successful applicant would be responsible administratively for a staff of approximately 40, and 
would have the opportunity of pursuing any particular interest within the sphere of paediatric radiology. 
Salary will be at the rate of $29,796 (Australian) per annum and additional benefits may be granted from 
a private practice fund. Other conditions of service are in accordance with the Hospital Senior Medical 
Officers Determination for the State of Victoria. Superannuation is available. 


Further information concerning this appointment may be obtained from the Medical Director, Dr. L. E.G. 
Sloan. 


Application forms are available from the undersigned, and the last day for receipt of applications will be 


M. C. Clarke, Manager. 


| 
| 
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intrinsic recovery efficiency i.e. in excess of 95%? 
In practice, however, the overall percentage of silver recovered is highly 


dependent on the following factors:- 
















1. Initial matching of unit to work load 3 
2. Correct setting up of the unit 4. 
TTL B. 
po E Dres t. f . 55 + ad r 6. 


awe Tur. 


S i consideration and control were not 
y a given to the above factors. 

Since our sole income is derived from 
the percentage of silver recovered for 
oc our clients it is in our interest to 

pud AS D oere "es j NS f ensure none is lost at any stage. 
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Please send me details of your Silver Recovery Service applicable 
to Radiography. [L] Please telephone me to discuss your Silver 


Recovery Service. [77] 


NI 
AMC 
a 0* £ E USA *OROP 9 $ ov A * 4 4 ov EON 3 93 OF Rog WOR Ck 5 € & à 3 kOX X À 4 5 € Wy Boy & € À ok 3 * & Ax d 


ve 8 ob o9 * € 9 3 7 * 9X X KON O9 OR Wok eRe TOKE EK PEEK ETRE ^ P Y 8 V 4 fo Xov Y 5» 5 9 € * * À n *ttea2xtfitBie 


atom, 
fm 
aetati 
C 


wae we e mac 


E dme ue ied i e Ld T EE 


Do you know - that most modern SILVER RECOVERY units have a similar 


3. Inherent reliability 


It is not uncommon for any recovery 
unit having a near 100% intrinsic 
efficiency to give an overall efficiency 
of well below 50% because due 


o MES KN = SILVER RECOVERY HAS BEEN 
AR DM. OUR BUSINESS FOR OVER 50 
teeters, | ' | N . YEARS. 
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Effective maintenance 

Residual silver left in the unit after 
recovery! 

Smelting and refining efficiency etc. 


See us on STAND 28 | 

at The Society of Radiographers 
30th Annual Conference 
Aviemore - Technical Exhibition 
2nd-4th June 1976 Osprey Room - 
Aviemore Centre 
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- ' Silver Recovery Service 

ı D. Pennellier & Co. Ltd., 
"mE ! 28, Hatton Garden, 

! London ECIN 8DB 

BIR! 1 Tel: 01-242 4681/2 


For High `“ 
Quality 


Reach for Polycon/Perfix 








"olv Pertix DI luces highly diagnostic radiographs Send for full information TODAY 
n only « minutes Slight variations in development mé ose soo w- CAR Uem ce MM es um COS UN Fam 9€ AMD MÀ 
nes prod e the t ;T intrast required 


To May & Baker Ltd 
Dagenham Essex RM107XS 
d Poly has plenty of life: itis usually replenished 
a minimum of 200 per cent, but can be extended to 


FA MEB May&Baker 


A member of the Rhóne- P enc Group of Companies eP 


Please send me full information on 
Polycon/Perfix 


Name 
Hospital 


Address 





'Polycon' and 'Perfix' are trade marks 
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SIEMENS 


Thetwo times table. 













Single control cluster for 
@ Infinite variety of 
positions at any table height. 
e Graphic dial with 
international symbols. 








Radi-op from Siemens 
is a universal table with 
moveable top that offers you a 
double operating function. 

Its versatility makes it ideal Ys 






for all types of surgery as wellas staff or sterile drapes. 

for standard radiography or The table is extremely stable 

image intensification. due to a positive floor lock system - 
There are just two simple but it's easily moved to any part of 

controls. A moveable arm control the theatre. 

— to select any one of 6 basic Radi-op — a host of features to make 

positions. And a toe pedal — to any operating procedure faster, 

smoothly move the table to the smoother, better. 

required setting. For full product details write to: 
Both controls are easily Siemens Ltd. Medical Group 

accessible from any angle, and Surgical Division 15-18 Clipstone St., 


in no way impede either medical London W1P 8AE Tel: 01-580 2464 


For surgery, for radiography. 
Radi-op from Siemens. 


THE BEST FEATUF 
PROCESSOR CANNO 














No ducting. 
R200 dries by radiant heat. 
So ducting is not required. 





ECONOMIC AND EFFICIEN 
R 200 is the new quiet-running 
processor from ILFORD. It's efficie 





films per hour. Or up to 200 films of 
intermixed sizes. 
COLD WATER PROCESSING 


R 200 operates: with cold water lata a 
minimum flow rate of 6 litres per minute). 
So there's no spi d tot the choh water 


about. 


PROCESSING 


There's a choice of rapid processing 





or 3 minute cycle processing. The cycle can 


be changed by turning a switch. 
RADIANT HEAT DRYING 
R 200 dries by radiant heat. Ducting 





is not required. Altogether it’s a pretty cool 


system. 


WOULD YOU LIKE TO KNOW MORE? 


Initial outlay for R200 is low. And so 
are running costs. 


: nt, reliable 
and compact. lt delivers 120/35 cmX 43 cm 





ARY 


OF OUR NEW 
SEEN OR HE 





No noise. 
R200is quiet running. 
Makes life more peaceful. 


Atthe same time, it’s an exceptionally 
reliable and quiet piece of machinery. 
If you would like to know more, 
please contact your ILFORD representative 
or write to us Rind details. 


Coming shortly, the higher capacity model, R 300, 


Cleaner, clearer and more convenient. 
Consistently produci ing brilliant radiographs 
with improved diagnostic quality. 


ILFORD R200 


ILFORD Limited, X-ray Sales, 
ford, Essex. Tel: OI-A78 3000. 


| 
| 
| Cancer Control Agency of British Columbia 


RADIATION 
ONCOLOGY OPPORTUNITIES 


i 

| This new Agency has been established to develop a comprehen- 
| Sive programme in detection, treatment, prevention and educa- 
|o Hon in cancer in this Province of 2-5 million people. A new 
| postion of Assecte Director of the Agency for Radiation 
| Oncology has been established and applications are being 
| accepted for both this Associate Director and staff. 


i Fulltime salaried staff opportunities exist at the Agency’s 
;  Genires in Vancouver and in Victoria. B.C. All positions will be 
/ held in coniunction with Paculty positions in the University of 
| British Columbia. Salaries are competitive with those in Canada 
|o and the U.S.A, Fringe benefits are comparable to those at the 
' University of British Columbia. 


| INSTITUTE IN VANCOUVER 


Where all the radiotherapy is provided for 2,000,000 of the 
| population in British Columbia and 3,300 new cancer patients 
| are registered per annum, Of these, about 3,000 patients receive 
| — radiotherapy for malignant disease. The facilities include the 
i 


im about two years, The cyclotron is already working with a 
| beam of low intensity and pi-mesons are being delivered to the 
" treatment room, Basic research in Radiosensitizing agents is 
£ 
1 
i 


following: 
| Linear Accelerator 1 — 280 kV Deep X-ray Unit. ! 
i Cobalt 60 Units 4 Superficial X-ray Unit 1 
| Caesium Unit i 
i Radium is used for gynaecological cases and for moulds and 
| implants. Other isotopes are also used in treatment, 
i Pre-clinical work in Radiation Biology is going on now for 
|o the “TRIUMF” Cyclotron at the University of British Colum- 
. bia, with a view to starting clinical trials with negative pi-mesons 


also done in the Radiation Biology Section. 

The Physics Section in the institute has four physicists, one 
assistant physicist, nius technical staff. 

An extensive Mould Room and Prosthetics facility is operated 
in the Institute and this enables a high standard of beam directed 
radiotherapy to be given, plus the use of moulds, etc. Prosthetics 
are made for patients coming from all of Western Canada. 

There are S6 beds in the Institute and additional gynaecology 
beds in the adjacent Vancouver General Hospita! for radium 
insertions. Expansion to 85 beds is in the planning stage. 


There is an active training programme in Clinical Radiation 
Oncology and a pun programme in Medical Oncology was 
started in July 1976 


Án active Medical Oneolegy Section is operated in the 
Institute, and this is being expanded to include work in Clinical 
Pharmacology. Clinical cooperative therapy trials are also 
encouraged, including collaboration in national Canadian 
protocols, and collaboration in U.S.A. protocols, 


VICTORIA CLINIC 


The Agencv's clinic on Vancouver Island is located in the 
Royal Jubilee Hospital, one of the larger general hospitals in 
Victoria. This clinic services the largest portion of cancer pa- 
tients on this island of 400,000 persons. 

Between 600 and 700 new cancer patients are seen each year. 
The equipment includes: 

Cobalt 66 Unit i 

E 300 kV X-ray Limit iÍ 
i Radium for Gynaecology cases. 
i Additional exuipment is being planned for installation over 
| the next two years, along with a mould room. The physicist at 
| present works halftime in the clinic and half-time at the 
|o University of Victoria (Physics Department); a. full-time physi- 
cist member of the Agency's Physics Section is planned, 


i 

i At present there is one Radiation Oncologist on the Victoria 

| staff and this is now being increased to two. Two new Medical 
Oncology positions have also been established. Preparations for 
integration of all Victoria Clinic activities with those of the 
Institute are under way, to inclode a training programme. 


/—————————————— —————À —MMá— 
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Superficial X-ray Unit 1 


ta ay M RR: 


i 

| Applicants should apply, stating areas of special interest within 
| Radiotherapy (c.g. Paediatrics, Gynaecology, etc.) to Thomas 
| C. Hal, MD, Director, Cancer Control Agency of British 
1 Columbia, 2656 Heather Street, Vancouver B.C., Canada, V5Z 
i 343, and include s curriculum vitae, time of availability, and 
; expected salary range. 
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SPECIAL SUMMER PROGRAMS AT M.T, 


PRINCIPLES OF NUCLEAR MEDICINE 
12-16 July 1976 


This Program will deal with the state of the art in 
nuclear medicine with emphasis on physical 
aspects. Topics to be covered include instrumen- 
tation, radiopharmaceuticals, dosimetry, and data 
processing as well as specific organ studies and 
therapy. 


PRINCIPLES OF COMPUTERIZED 
AXIAL TOMOGRAPHY, 19—23 July 1976 


This Program will deal with the state of the art in 
computerized axial tomography with emphasis on 
physical aspects. Topics to be covered include the 
physics of radiation interaction with biologica! 
tissues, instrumentation, algorithm development 
and computer systems for image reconstruction, 
the use of contrast agents, artifacts—cause and 
cure, and specialized areas of imaging. 


The programs should be of value to both 
physicians and physical scientists working in the 
areas, They are jointly sponsored by the Harvard 
Medical School and M.LT. through the Harvard- 
M.LT. Program in Health Sciences and Tech- 
nology. For further information write to: Director 
of Summer Session, Room £19-356, MLT. 
Cambridge, Ma. 02139, 


UNIVERSITY OF LONDON 


M.Sc. 
IN NUCLEAR MEDICINE 


A course leading to an M.Sc. degree in nuclear 

medicine of the University of London will 

commence in October 1976. The course provides 

a training for medical practitioners or others 

having suitable qualifications. Each student will 

be attached to an approved institution and will 

attend lectures covering scientific and medical 

subjects. The full-time course occupies one year, 

but students may be accepted for two years 

part-time attendance. 

Applications or enquiries should be made 

directly to: 

Dr. K. E. Britton : St. Bartholomew's Hospital, 
EC1A 7DE; 

Dr. D. N. Croft: St. Thomas's Hospital Medical 
School, SE1 7EH ; 

Dr. E. W. Emery : Royal Postgraduate Medical 
School, Hammersmith Hospital, W.12 ; 

Dr. M. N. Maisey : Guy's Hospital Medical 
School, SET SRT; 

Dr. V. R. McCready : Royal Marsden Hospital, 
Sutton, Surrey SM2 5PT; 

Prof. H. A. B. Simons: Royal Free Hospital 
School of Medicine, NW3 20G ; 

Prof. E. S. Williams : Middlesex Hospital Medical 
School, W1P 7PN. 
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Conversations 


in Radiology, 
Volume 4, is 
now available for subscription 


Like the previous Volumes, Volume 4 con- 
sists of 8, one-hour audio cassettes plus 
appropriate reference materials. Each cas- 
sette consists of two, 30-minute programs. 
All tapes are clearly edited to provide focus 
on new developments or controversial 
issues, and, review of pertinent topics in the 
field of radiology. 


A portable reference work. 


Conversations in Radiology is more than a 
seminar, is avaluablereferencelibrary which 
can be reviewed at the physicians leisure... 
or, utilized as an adjunct to the teaching 
process. 


Meaningful insights. 

Conversations in Radiology, Volume 4, will 
offer the radiologist and allied specialist con- 
tinuing updates and insights into important 
areas of subspecialization. Naturally, all tapes 
are accompanied by a complete reference 
bibliography plus occasional illustrations. 
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Convenient form. 

Your subscription to Conversations in Radi- 
ology includes eight sequentially issued 
audio-cassettes, a convenient bookshelf 
cassette binder, plus, all appropriate refe- 
rence materials. 


Accredited by the AMA and CMA. 


TheConversations in Radiology subscription 
Seriesis acceptable for 8 credit hours in Cate 
gory 5 forthe Physicians Recognition Award 
of the American Medical Association. Each 
Volume is also acceptable for credit in Cate- 
gory Il, Formally Constituted Activities, 
Section “i toward the California Medical As- 
sociations Certificate in Continuing Medical 
Education. 


Annual subscription: $74* 

Volume 4 of Conversations in Radiology 
began in April, 1976. Volumes 2 & 3 are stili 
available at $74'per completed Volume... 
including binder and reference materials. 


8, one-hour conversations with leading authorities. 





“Payable in US. dollars at current exchange rate. 


aT OOTO in 
i 170 9th Street, San Francisco, CA 94103 USA 
I Gentlemen, 


Please enter my subscription to 
Volume 4, Conversations in Radi- Address 


i : ami BM 
we EAF ere 


Name 








B ology t understand that for $74. 
| will receive eight, one-hour tape Cit Coun uu Postal Code .. i 
cassettes Eo 16 half-hour d Y 

conversations with leading radi- 

ologists... plus, a bookshelf binder O Bili me L] Check enclosed 7 

and appropriate reference ma- 0 Please send me Volume 3. L1 Bill me $74. L1 Check enclosed. 


terials. 


L1 Please send me Volume 2. 


1 Bill me $74" 


"Payable in U.S. dollars at current exchange rate. 


C] Check enclosed. 
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NORTH WEST THAMES 
HEALTH AUTHORITY 
with 
ACTON TECHNICAL COLLEGE 
A SYMPOSIUM: 
COMPUTERS and X-RAYS 


On 1 July 1976 at Acton Technical College 
High Street, Acton, W3 6RD 


wA 


Topics to include: 


| And/or - The basics of Computing 

| Automation in Radiology 

| Evaluation of Computers in 

| Radiotherapy 

j Computerised Statistics 
Computers in X-ray Diagnosis 


is £8-00. Cheques payable to: ‘London Borough 
of Ealing’ should be sent (by June 25, 1976, at 
latest) to The Registrar at the College. Full 


| 
| 
The Symposium commences at 9.30 a.m., closes 
programme details are available on request. 


| | ai ; 

| at 4.00 p.m. The fee, inclusive of lunch, etc., 
1 

| 
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|! POSTGRADUATE COURSE 
IN BONE AND JOINT 





RADIOLOGY 

The Department of Radiology, Harvard Medical School is 
sponsoring a course in Bone and Joint Radiology to 

i be held October 25-27, 1976 at the Hyatt Regency Hotel 

in Cambridge, Massachusetts. 

i This is an intensive three-day course which reviews 

i radiologic, physiologic, and orthopedic aspects of bone and 
joint disease. Metabolic bone disease, bone tumors, arthritis, 
trauma, arthrography, arthroscopy and joint replacement will 
i 

i 

i 

| 
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be discussed. 

Further information can be obtained by writing to : 
Associate Dean, Department of Continuing Education, 
Harvard Medical School, 25 Shattuck Street, Boston, 
Massachusetts 02115, 
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DIAGNOSTIC RADIOLOGIST 


Eastern U.S. University invites applications for 
faculty positions avaliable in general radiology, 
bone radiology, and cardiovascular radiology. 
Excellent opportunities for individuals desiring a 
career of teaching and research combined with 
clinical practice. Responding letter should contain 
curriculum vitae and personal information the 
individual deems pertinent. ECFMG certificate 
essential. Box No. 1 British Journal of Radiology. 
32 Welbeck Street, London W1M 7PG. 
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University of The Witwatersrand, 
Johannesburg 


Chair of Radiation Therapy/ 
Chief Radiation Therapist 


m | 


Applications are invited for the post of 

Professor of Radiation Therapy and Chief 

Radiation Therapist at the Johannesburg 

General Hospital. 


| 

i 

| 

| 

|! Theappointee should be registrable as a 

| specialist in Radiotherapy. 

| Duties are to be assumed as soon as possible. 
| 

| 

| 


Salary will be R15,600 per annum and an 
additional non-pensionable allowance of 
R5,664 is payable for approved additional duties 
performed. 


Interested persons in the United Kingdom 
should obtain the information sheet relating to 
this post from the London Representative, 
University of the Witwatersrand, 278 High 
Holborn, London, W.C.1. Applications should 
be lodged with the Registrar, University of the 
Witwatersrand, Jan Smuts Avenue, 
Johannesburg, 2001, South Africa not later 
than June 15, 1976. 
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| POSTGRADUATE COURSE 
IN NUCLEAR MEDICINE 


| 
1 
j 

The Department of Radiology, Joint Program in Nuclear | 

Medicine of the Harvard Medical School is sponsoring a | 

postgraduate course "Clinical Nuclear Medicine: 1976" 

to be held September 9-11, 1976, at the Hyatt Regency 

Hotel in Cambridge, Massachusetts. 

This two and one-half day course is designed for all 

physicians who participate in the practice of nuclear 

medicine. The aim of the course is to present a highly 

integrated review of the major current clinical applications 

of radionuclides. 

Further information can be obtained by writing to : 

Associate Dean, Department of Continuing Education, | 

Harvard Medical School, 25 Shattuck Street, Boston, 

Massachusetts 02115. 13 


| 
| 
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Change of Address 


Will advertisers please note that 
the new address of the B.J.R. Advertising 
Department is: 


24a Litchfield Street 
London WC2H 9NX 


Tel 01—836 5281 
Telex 265972 


Important 





The Urografin range 
of contrast media. 


Each trade name provides 
a guide to the iodine concen- 
tration of the individual 
medium and allows 
easy calculation of 
dosage requirements. 


Included in the range are two new 
presentations: 

a 20ml ampoule of Urografin 310M, 
containing a 65% solution of meglumine 
diatrizoate, for use in peripheral 
arteriography and venography, and 















a a 20ml ampoule of 
Urografin 325 (58%) 
which will eventually 
replace the 25ml 
ampoule currently 
available. 


Further 
information 
available on * 
request. 
V fin 310 M Schering Chemicals Ltd., 
Pharmaceutical Division, 
we Containg Burgess Hill, 
ene jatnzoate BP West Sussex RH15 9NE 
ies, stale as 
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50ml 





Urografin| Urografin Urografin Urografin Urografin 


150 150 for infusion 290 310 M 325 
formerly formerly formerly formerly formerly 
Urografin 30% |  Urografin 30% Urografin 60% Angiografin Urovison 


for infusion 





XXX 





Echoview System 80L 


LAMINOGRAPH 


= wu T as hy S. i 
The Picker contact B-Scan System is 
designed for simplicity of operation whilst 
producing the finest quality clinical images 
possible. 

The equipment is neatly styled, with 
logically grouped controls and indicators and 
a remote hand control. It is available with 
EDC (Echo Dynamic Control), a high grade 
Grey Scale imaging device, or as a standard 
bistable svstem. 

An extremely light scanning arm reduces 
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operator fatigue to a minimum and offers the 
advantage of scanning patients in any 
position; prone or supine, sitting or standing. 
Echoview System 80L has a complete range 
of image recording equipment which 
includes Polaroid and 70mm cameras, 
multi-format camera, Grey Scale video hard 
copy recorder and video tape cassette 
recorder. A full range of scanning 
transducers is also available enabling 
maximum performance for each application. 





Medical 


NUCLEAR, THERAPY & 
ULTRASOUND DIVISION 


Responsible technology 


GEC Medical Equipment Limited - N.T.U. Division : 


Middlesex HA9 7PR - Tel: 01-904 1288 - 


P.O. Box2 * East Lane * Wembley 


Telex: 922177 - Cables: Skiagram, Wembley 


Order Form (Teaching Booklet) 


To The British Institute of Radiology 
32 Welbeck Street, London W1M 7PG 


Please supply ...... copies of 

Teaching Booklet No. 3 

Fundamental Aspects of Medical Thermography 
by W. M. Park and B. L. Reece 


Cheque/postal order for £ enclosed (pounds sterling) 
Dispatch to 
Name 


Address 


Ponte emn 
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at £3:40 
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Signature 


ISSN 0306-8862 
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aching Booklet 


Order form (overleaf) 





o. 3 Fundamental Aspects of 
. M. Park and B. L. Reece 








The teaching booklet on thermography, like those on radioisotopes 

and ultrasound, covers the basic physics required to understand the 
subject. It outlines the main points in the construction of thermographic 
equipment and also includes a section discussing the important factors 
in the evaluation of equipment. There is, finally, a brief but comprehensive 
view of the clinical applications of the technique. It will be of value to 
registrars preparing for Part 1, F. R.C.R., and also to radiographers and 
technicians who want to learn more about this area of diagnostic 
imaging. 


Price: £3-40 





Published by The British Institute of Radiology 
32 Welbeck Street, London W1M 7PG 
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The British Journal 


Radiology now 
SI Units 


The International System of Units (SI) was 
adopted internationally in 1960. In 1968 the Royal 
Society of Medicine organized a conference of 
medical editors to discuss the introduction of SI 
units, but their recommendations did not appear 
until 1972 (Ellis, 1972). Now another, more com- 
prehensive book on the subject has appeared (Arm- 
strong Lowe, 1975). Nevertheless, few journals 
have made a complete change to the new system. 
Why the long delay? 

In the medical field no doubt writers have held 
back until the hospitals had changed over internally 
to the new system. With the publication of the 
Health Service Circular H.5.C. (1.53.) 140 in May 
1975 the situation is likely to change very shortly. 
That circular instructed the National Health Service 
to change to SI by December 1, 1975; there may 
have been some slipping on the time schedule, but 
the change will probably have been made throughout 
the service by the time this annotation appears. In 
the medical field the principal change seems to be 
over the units of concentration (of drugs, chemicals, 
etc.) and of blood gases. In future, expressions such 
as per cent, ppm are not to be allowed, and concen- 
trations are to be expressed in mmol/litre (mmol/ 
dm?), or g/litre when the substance has no defined 
molecular weight. The partial pressure of blood gases 
is to be given in kilopascal (kPa). 

Part of the reason why the introduction of the SI 
has been so slow is probably because people are not 
sure how many exceptions to the full rigour of SI 
will finally be allowed. 

In this connection, the R.S.M. booklet remarks 
“There is a place for special units which are not SI 
when they are used for a limited range of application 
connected with medicine. In addition it 1s felt strong- 
ly that measurements should be quoted in the units 
in which the measurement is made. In medicine, for 
example, the current international practice of using 
mmHg for blood, intrauterine and intra-ocular 
pressures is maintained and for intrathecal pressures 
cm H0. For blood pressure mercury manometers 
are used in most countries and mmHg is the unit 
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of Radiology 


recommended." However, the new W.H.O. book 
(Armstrong Lowe, 1975), which is extremely 
comprehensive and includes about 2,000 different 
quantities, does not mention blood pressure. It 
states firmly that the pascal is the unit of pressure 
but that the bar and the normal atmosphere will be 
accepted for a limited time. 

One of the reasons for the choice of the old, non 
SI units was that they should have a reasonable 
magnitude. In many specialized fields of study the 
magnitude of the SI unit is inconveniently big or 
small. It is of great interest to know which of these 
fields will succeed in keeping their special units. One 
successful group is astronomers who have succeeded 
in retaining the parsec and the astronomical unit (but 
not the light year). Nuclear and atomic physics is at 
the other end of the scale. T'he electron volt and the 
atomic mass unit are still to be allowed (according to 
Armstrong Lowe, (1975)) although the symbol for 
the latter is to be u instead of a m u. The barn, 
however, is allowed only for the time being; it seems 
that ultimately a nuclear cross-section of 1 mbarn 
will become 10-?! m? or about 300 am?. The new 
unit of activity, the becquerel, is another example of 
inconvenient size (Nicholson, 1976). 

One wonders whether the SI, when carried to its 
logical conclusion, is not a demonstration of the vice 
of tidy-mindedness. Certainly the continued use of 
some of the old units seems still to be under review. 
The new book from W.H.O. (Armstrong Lowe, 
1975) does not leave the reader confident that no 
further changes will be made; the omission of blood- 
pressure from the 2,000 quantities listed leaves the 
reader in a state of doubt. The book does, however, 
have a number of points in its favour. Besides its 
comprehensive coverage, there are separate alpha- 
betical sections based on the name of the quantity, 
the name of the unit and the symbol of the unit. 
There are also conversion factors relating non-SI 
to SI units and a table of the fundamental physical 
constants. These features are a great help when 
consulting the book. 

Finally there is the question of the policy of this 
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journal. We cover such a wide variety of disciplines 
that it would be difficult to insist on a sudden change 
to SI for all papers, particularly when the future of 
some of the special units is still in doubt. The SI 
units for radiology (Gy and Bq) have only recently 
bcen agreed (Boag and Binks, 1975; The Lancet, 1975) 
and will certainly not be universally introduced at 
once, Rather, we must expect a gradual change 
reflecting the progressive introduction of SI into the 
National Health Service and the various laboratories 
which contribute papers to the Journal. 

D. K. Bew ey. 


Book review 


Traité de Radiodiagnostic. Tome V 11. Foie, voie biliares, Pan- 
creas, Rate. By G. Delorme and J.-P. Monnier, pp. 559, 619 
illus., 1975 (Paris, Masson & Cie), F.540. 

This book forms a part of the prestigious French hand- 
book of radiodiagnosis, comprising a total of 20 volumes 
of which seven have already been published. 

This volume covers the radiodiagnostic problems related 
to the liver, bile-ducts, pancreas and spleen. In addition to 
the radiological aspects, two large sections are devoted res- 
pectively to scintigraphy and ultrasound tomography of 
these organs. 

The first part (144 pages) is devoted to the liver. Subjects 
deal successively with anatomy and physiology, radiological 
techniques, normal images and finally pathologic conditions. 
Taking into account the important role of angiography in 
the diagnosis of liver disease, the detailed and fine descrip- 
tions of the angiographic findings should be especially 
praised, 

The second part (100 pages) deals with the bile-ducts and 
contains a well-balanced and lucid presentation. of the 
anatomic and physiologic base of the study of biliary disease. 

In Chapter VI of this part, which is devoted to the 
different examunation techniques of the biliary-ducts, no 
mention is made of the method of transvenous cholangio- 
graphy. The reviewer would also have preferred a somewhat 
more detailed discussion of the contrast media used in 
cholangiography. 

‘The pancreas is ably discussed in Part 3 (84 pages) 
and is superbly illustrated, especially the section on pan- 
creatic neoplasms. 

In the fourth part (40 pages) the authors deal exclusively 
with the opacification of the biliary and the pancreatic ducts 
either by means of endoscopic catheterization of Vater’s 
ampulla or by direct peroperative methods. In the opinion of 
the reviewer both techniques could as well have been in- 
chided in the two previous parts dealing respectively with 
the biliary tracts and pancreas. Indeed several conditions 
related to both organs and already described in the two 
previous parts are now discussed again but only in relation 
to these two techniques, 

Part 5 (42 pages), on the spleen, is to be admired for the 
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original and beautiful coverage of the various morphological 
and topographic forms of the normal spleen. 

Part 6 (73 pages) deals again with examination techniques, 
a large section being devoted to scintigraphy of the liver, 
pancreas and spleen. In addition to sections dealing with 
ultrasound tomography and laparoscopy, this part includes 
also a detailed discussion of two techniques which are 
relatively little known outside the French literature. The 
“enlarged carboxy angiogram” permits the visualization by 
means of a gas (COs) of the subhepatic and intrahepatic 
veins. In the opinion of the reviewer this method can be 
very useful for the study of abnormalities of the subhepatic 
veins but is of only minor importance in the study of space- 
occupying lesions of the liver which can be diagnosed better 
by arteriography. The second technique concerns hepato- 
and splenography after either intra-arterial, intraportal, 
intravenous or intrasplenic injection of liposoluble iodinated 
contrast media. Although the morphologic information thus 
obtained in space-occupying lesions of the liver and spleen 
looks very attractive, most radiologists outside France are 
reluctant to apply this method because of the risk related to 
the parenteral administration of lipiodol. 

The seventh and last part (32 pages) deals exclusively 
with the radiologic exploration of syndromes of portal 
hypertension. This section includes all recent technical 
developments in this field. The haemodynamic studies and 
the study of portal hypertension treated bv operation 
should especially be mentioned. One is surprised that so 
little space is allotted to the discussion of portal hyper- 
tension due to prehepatic block. 

‘The text of this book is generally very well done and very 
clear. The printing is almost flawless. The text and legends 
are remarkably free of typographical errors. The quality of 
the carefully-selected radiographic reproductions can 
simply be rated as superb. 

This work compares favourably with the previously 
published volumes of this handbook, and can be recommen- 
ded without reservation. It will serve as instruction for 
trainees in radiology and as a valuable reference for the 
general radiologist. 

A. BAERT. 
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Measurement of regional pulmonary oedema in man 


using radioactive water (H,'°O) 


By F. Fazio, M.D.,* T. Jones, M.Sc., C. G. C. MacArthur, M.B., M.R.C.P., C. G. Rhodes, M.Sc., 
R. E. Steiner, M.D., F.R.C.P., F.R.C.R,, and J. M. B. Hughes, D.M., M.R.C.P. 


Department of Medicine, M.R.C. Cyclotron Unit and Department of Diagnostic Radiology, Hammersmith 


Hospital, London W12 0HS 


ABSTRACT 

. Regional extravascular lung water (rELW) has been 
measured in normal subjects and in patients with left heart 
diseases using a double-indicator dilution technique and 
external counting over the chest. Gamma-emitting radio- 
isotopes were injected intravenously, !!?In? as a vascular 
non-diffusible indicator, and He!®O as a freely diffusible 
indicator. Time activity curves were then recorded over 
the upper and lower zones of the lung in the supine posi- 
tion with external probes. rELW per unit of blood volume 
and rELW per unit of blood flow were increased in patients 
with raised left atrial pressure even in the presence of 
radiologically clear lung fields. There was a uniform 
distribution of these ratios between upper and lower zones 
in normals, whereas in patients rELW was preferentially 
distributed in the lower zones. 


The only established method for assessing the 
regional distribution of pulmonary oedema is the 
chest X ray (Kerley, 1962). However, lung fields 
may be clear in some clinical situations when pul- 
monary oedema is suspected. When the lung be- 
comes oedematous, the proportion of water relative 
to the blood increases. The extravascular lung water 
volume (ELW) can be calculated using tracer tech- 
niques, by subtracting the volume of distribution of 
blood or plasma ( Vy) from that of total water (Vy). 
In practice these volumes of distribution can be 
calculated by injecting intravenously a mixture of 
two indicators, one for water and one for plasma, 
and by sampling their dilution curves from a Sys- 
temic artery (Chinard and Enns, 1954). This prin- 
ciple is well established for the measurement of 
overall pulmonary oedema (McCredie, 1974). 
However, as pointed out in a recent review (Chin- 
ard, 1975), there is still a need for a method for 
measuring regional extravascular lung water (rE LW). 
The use of y-emitting tracers for water and 
plasma, which can be detected externally over the 
chest, represents a specific, non-invasive approach 
for measuring rELW. To this end, we have de- 
veloped a technique which involves the intravenous 
injection of !12In" and water labelled with 190. 


THEORY 
Following an intravenous injection of H3!5OC, its 
first passage through the lungs can be recorded by 
means of detectors placed externally over the chest. 


*Present address: CNR Laboratory of Clinical Physiology, 
via Savi 8, 56100 Pisa, Italy. 


The volume of lung water ( Vw) seen from an external 
detector 1s given by: 


a =F. ty ; ; hy 


where F is local bleed flow and fy the mean transit 
time calculated from the experimental curve. 

Following an intravenous injection of ii3Inm, 
which binds instantaneously and irreversibly to 
plasma transferrin, the volume of plasma (Vy) seen 
from the detector is given by: 


Vo=F fp ; ; 2D 


where fp is the mean transit time of the plasma 
tracer. 

The extravascular water within the lung region 
viewed by the detector (rELW) can then be caicu--+ 
lated as the difference between the local water and 
blood pools: 


rE LW Lc ls wees Vy =< F (fw SES fp) p (3) 


To be meaningful, measurements of rELW have 
to be related to the amount of lung seen by the 
detector, ideally the tissue dry weight. An alter- 
native approach can be used in which rELW is re- 
lated locally to intravascular volumes and flows: 


E. 7 
rELW per unit of blood volume: rM 
p 
From equations (2) and (3) this equals: = 
p 
rELW per unit of blood flow: (Yn Vy) ser cea ~r) 


From equation (3) this equals fy—fp 


To obtain an absolute value for overall ELW, an 
independent measurement of cardiac output is 
required. A weighted average of fy—fp between 
base and apex from the right lung can be obtained 
by allowing for regional differences in blood flow 
per unit of blood volume (1//5) and in the volume 
of blood seen from the collimator (calculated from 
the value for the equilibrium level of !13In9). The 
resulting weighted fy—f,) can be multiplied by the 
water content of the cardiac output (Goresky et al., 
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TABLE I 


CARDIAC OUTPUT AND PULMONARY BLOOD VOLUME PER SQUARE METRE OF BODY SURFACE AREA IN CONTROLS AND PATIENTS 
AS MEASURED BY THE RADIOCARDIOGRAPHIC TECHNIQUE 













SSS apepepIUM uen Mud ecu ueque 
| Controls Patients 
| | Pulmonary Pulmonary 
| l | Cardiac index blood volume Cardiac index blood volume 
| Subject | -o límin./m? mlm? Subject l/min. /m? ml./m? 
| CM | 345 319 Js 1-49 
i FF | 3-44 275 IM 1:20 
MH | 2:53 282 KB 1:94 
PR 3.18 331 VK 2-77 
GE | 3-60 304 VK 2:19 
DK | 3:33 253 JML 1:75 
| DL | 2-80 374 EP 2-70 
| | AD 2:22 
| | VG 1-98 
| | BE 1:92 
| | I] 2-66 
| | L] 3:27 
| Mean 3415 305 Mean 247 
| S.D. | 40-12 + 40 S.D. 0-59 





TABLE II 
VALUES FOR OVERALL ELW {ML PER SQUARE METRE OF BODY SURFACE AREA) AND FOR RELW IN CONTROLS AND PATIENTS 

























p t ES 
| Controls | Patients 
| | ELW/BL. Volume} ELW/BL. Flow IELW/BL. Volume] ELW/BL. Flow 
| LW) — ELW/m?*| M 
: | : Apex Base Apex ml, 
; CM i 0-34 1-95 1-99 Jo” 139 5:93 
FF | : 0-35 1-55 1:54 IM* 132 7:31 
|. MH 0-33 1:58 1:97 KB* 132 4:36 
PR | 0-40 24:37 2:38 VK* 217 4-36 
GF 0-53 2-37 2:24 VK* 161 4-42 
DK 0-50 2:29 1-98 JML* 173 5:74 
DL 0-39 1-85 2-14 EP 111 2-41 
I5 0-27 2:27 2:18 AD 145 4-49 
Is 0-33 2:38 2:30 VG 154 4-78 
BE 101 2-90 
| 1] 53 1-07 
Lj 110 2 
Mean 0-38 2-07 2:08 Mean 136 4-18 
S.D ë nea oe d 0 08 +0 34 ci. 0 -24 S.D. X 4] ee 1-75 
i » 
* —patients with radiological evidence of pulmonary oedema. 


1971), in order to calculate ELW (using formula 3). 
It is assumed that ELW is distributed evenly be- 
tween the right and the left lung and that there are 
no gross differences between the ratio of blood 
volume to alveolar volume (or dry tissue weight) in 
the upper and lower zones in the supine position. 


METHODS 
We investigated nine normal volunteers and 11 
ambulant patients with various diseases of the left 
heart, predominently of the mitral valve. One pa- 


tient was studied twice, on admission to hospital 
and after ten days of therapy with diuretics. In nine 
of the patients routine cardiac catheterization was 
performed at a separate session. Radiological evi- 
dence of pulmonary oedema was independently as- 
sessed for each patient. Routine lung perfusion scans 
were obtained in all patients on a large field gamma 
camera following injection of 99'T'cm labelled micro- 
spheres. Cardiac output and pulmonary blood vol- 
ume were measured in all patients and seven of the 
normals by the radiocardiographic technique. 
(Donato et al., 1962; Giuntini et al., 1963). Lung 
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e PATIENTS WITH SEPTAL LINES AT CHEST X-RAY 
o PATIENTS WITH CLEAR CHEST X-RAY 








ELW ELW 
BLOOD BLOOD 
VOLUME FLOW 
mi/mi mi/mi/sec 
8 8 
e 
4 4 
0 0 
BASE APEX BASE APEX 
Fic, 1. 
Regional distribution of extravascular lung water per unit of blood volume and 
blood flow. 


rELW/blood volume (left) and rELW/unit blood How (right) for two regions of 

the lung in patients with (@) and without (O) radiological evidence of inter- 

stitial pulmonary oedema. In the latter group of patients direct or indirect 

(mean pulmonary wedge pressure) measurements of the left atrial pressure are 
shown, Stippled area represents the normal range. 


water studies were carried out with the subject in 
the supine position. Two collimated detectors were 
used with a separation of 8:5 cm., one over the 
upper zone and one over the lower zone of the right 
lung. Seven millicuries of a plasma tracer !i3I[nm 
(100 minutes half-life, 390 kV) were injected 
through a percutaneous catheter with its tip in the 
superior vena cava and time activity curves recorded 
from the detectors on a multichannel analyser. After 


45 to 60 seconds the same procedure was repeated 
using 15 mCi of water labelled with !9O (2-1 min- 
utes half-life, 510 keV) produced by the M.R.C, 
Cyclotron, The whole body absorbed radiation dose 
resulting from these combined injections is 0-2 
rad. After completion of the procedure, mean tran- 
sit times were calculated from the experimental 
time activity curves by extrapolating the downslope 
in order to eliminate recirculation. 
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RESULTS 

Radiological evidence of interstitial pulmonary 
cedema (as assessed mainly by the presence of septal 
lines) was found in six patients. 

No difference in perfusion between the left and 
right lung were found in any patient with the lung 
scan. 

Table I shows cardiac index and pulmonary blood 
volume in controls and patients, as calculated from 
the radiocardiogram. The cardiac index is in general 
lower in patients with left heart diseases but there 
were no systematic differences in pulmonary blood 
volume between the two groups. 

Table H shows the individual results for overall 
and regional ELW in control and patients. In normal 
EDUC ts iun ELW was 1724-54 (mean-+-SD) 
Sidi osi evidence of Palay oedema ELW im? 
was A ml. and i in din NR a Vo chest 
te een vibe left aid fa right lung - were found i in any 
patient with the lung scan. 

Regional data for ELW per unit of blood volume 
and flow are plotted in Fig. 1 for the upper and lower 
"lung region, with the range of values found in nor- 
mal subjects and symbols for patients with and 
without radiological evidence of interstitial pul- 
monary oedema, Whereas in normal subjects rELW 
per unit of blood volume and flow is uniform from 
base to apex (Table II), most of the patients showed 
an increase of both ratios above the normal range. 
‘This was more marked at the base of the lung, des- 
pite the absence, in some cases, of radiological evi- 
dence of pulmonary oedema. 

In patients without radiological evidence of pul- 
monary oedema (open circles, Fig. 1) there was a 
striking correlation between the elevation of rELW/ 
blood flow and rELW/blood volume and the level 
of left atrial pressure. 


Discussion 

A technique for quantitative assessment of 
overall and regional extravascular lung water in 
man, using external monitoring of y-emitting radio- 
isotopes, is presented. The validity of substituting 
external counting for arterial sampling has been 
demonstrated by direct comparison of the two tech- 
niques in the supine anaesthetized dog (Fazio et al., 
1976). The value for overall ELW for normal sub- 
jects with this relatively non-invasive technique 
compare well with those previously obtained with 
arterial sampling (McCredie, 1974). 

There have been no previous measurements of 


rELW in man. An absolute value for rELW requires 
an independent measurement of regional flow in 
absolute terms. This is not a trivial requirement be- 
cause it must be related to the volume of tissue seen 
in the counting field. Some indication of tissue vol- 
ume could be obtained by rebreathing an inert 
radioactive gas (for example, 13N) to equilibrium, 
but a significant underestimation of tissue volume 
would occur in the presence of alveolar oedema or 
abnormalities of lung expansion. In addition these 
procedures would add significantly to the complexity 
of the technique especially for ill patients. 

For these reasons, we devised the expression, 
rELW per unit of regional blood flow and volume. 
Such indices require only measurement of mean 
transit times of a vascular and a water indicator, 
without independent measurement of blood flow. 
Both indices appear to be elevated in patients with 
increased left atrial pressure, despite, in some 
cases, the absence of radiological signs of pulmonary 
oedema. 'The distribution of both rELW/blood 
volume and rELW/blood flow is uniform from base 
to apex in normals, but in patients it 1s preferentially 
increased at the lung bases. It should be emphasized 
that we studied only ambulant patients and that the 
patients were in the supine position for only 15 or 20 
minutes before the lung water measurements were 
performed. This suggests that chronic interstitial 
oedema is somehow gravity dependent, although its 
gravitational redistribution is rather slow. 

These regional measurements appear to be more 
sensitive for the detection of subclinical pulmonary 
oedema than overall determinations. of ELW 
(see Table II). This is due in part to the better reso- 
lution inherent in regional measurements as well as 
to the way in which extravascular lung water has 
been expressed. What do the ratios rELW/blood 
flow and rELW/blood volume mean in physiological 
terms? Both might be raised or lowered by abnormal 
values for blood volume or blood flow alone. Indeed 
the separation between normal subjects and patients 
with left heart diseases for rELW/flow may partly 
be related to the observed lower values for cardiac 
output in the patients group (Table I) On the 
other hand, no systematic reductions in the overall 
pulmonary blood volume were found to account for 
the increase in rELW/blood volume in patients. 

We believe that rELW/blood volume reflects 
actual changes in interstitial oedema more specifi- 
cally than rELW blood flow. The latter index prob- 
ably reflects additional pathological changes in 
patients with left heart disease, namely the redistri- 
bution of local perfusion and the reduction in 
cardiac output. Together, these ratios provide new 
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and more sensitive information for the understand- 
ing of changes in the lung arising from left heart 
disease. 
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Book review 


Atlas of Roentgenographic positions and standard Radiologic 
Procedures (three vols). By V. Merrill, pp. 1030 (illus.), 1975. 

Fourth edition (Published by Mosby Company , Saint Louis. 

Distributed in Great Britain by Henry Kimpton), £28-50. 

These three volumes are the standard reference book in 
the United States of America on radiographic positioning. 
As such it is invaluable to radiologist, radiographers and 
radiography students. It compares fairly favourably with a 
book of similar objectives which we use in this country. 

The presentation of the fourth edition is similar to that of 
the third—well bound and clearly set out. The general layout 
is little altered although there are some extra sections on more 
recently developed aspects of radiography. The photographs, 
regrettably, have not been brought up to date and still show 
very old fashioned equipment which students are not likely 
to encounter in their practical work. This makes it difficult 
for them to relate what they see in the book with what they 
do in practice. However the line drawings which accompany 
the photographs are most helpful and clearly drawn. 

There is a detailed list of contents of all three volumes at 
the front of each volume and a brief list of sections on the 
outside of the cover which facilitates quick reference. 

At the back of each volume there is an index and a 
bibliography of other books and papers written on the sub- 
jects contained within that volume. This is a very useful list 
for those who wish to enquire further into a subject or 
those who are lecturing. Volume I also has a glossary of 
medical terms some of which are, of course, spelt with 
American spelling or are American terms, but otherwise 
this is a useful section. 
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CHANGES AND ADDITIONS IN FOURTH EDITION 
Volume I. Sections have been added on paediatric radiog- 
raphy, body section radiography and foreign body localiza- 
tion. 

Volume IT. No change. 

Volume II. The chapter on the soft tissue neck now in- 
cludes views for the thyroid. The chapter on the breast has 
been expanded but still does not include any mention of 
xeroradiography. The chapter on the central nervous 
system now includes stereotaxis and subtraction techniques. 

There are new chapters on ultrasonography and thermo- 
graphy, nuclear medicine and its technology and also the 
principles of radiation therapy. 

These additions bring the book up to date so that it is of 
more use as a modern reference book but it is surprising 
that no mention has been made of the new ideas being 
developed in America for electron radiography and related 
ideas and also of computerized transverse section scanners 
already in use both sides of the Atlantic by the time this new 
edition was printed. 

The best part of this book is the relevant radiographic 
anatomy at the beginning of each section with excellent 
diagrams some of which are coloured. 

The disadvantage for the English reader is the continued 
use of proper names to describe radiographic views, e.p. 
Water’s view, Caldwell's view, etc. This makes the whole 
subject very confusing for those studving it for the first time. 
Some of the American terminology could also be confusing. 


JENNIFER RICHMOND. 
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ABSTRACT 

Acute paraplegia was produced in monkeys by abruptly 
inflating a balloon catheter within the epidural space. ‘The 
arteriographic and epidural venous changes following such 
trauma were serially evaluated. Spinal-cord arteriograms 
following cord injury remained normal during an acute 
(four-hour) follow-up. Serial epidural venograms demon- 
strated obstruction of epidural veins within four hours at 
the site of contusion in less than half of the animals studied. 
Neither spinal arteries nor epidural veins showed consistent 
diagnostic changes following trauma due to acute epidural 
compression, 


Key words 
Spinal cord compression; spinal cord arteriography; 
epidural venography; spinal cord microangiography. 


The patient with an acute spinal cord injury but 
_without grossly dislocated vertebral elements pre- 
“sents a therapeutic problem. Emergency decompres- 
sion may restore circulation to a severely contused 
cord in which rapidly accumulating oedema and 
focal haemorrhage are shutting off intrinsic circula- 
tion. However, a mild contusion of the spinal cord, 
often clinically indistinguishable in the early stages 
from a more severe injury, may not be benefited by 
laminectomy. In the past, myelographic demonstra- 
tion of a block has been used as one of the para- 
meters to select candidates for decompression. How- 
ever, myelography in an acutely para- or tetraplegic 
patient is a technically difficult and potentially 
harmful procedure. Recently both DiChiro (Gar- 
gour et al., 1972; Wener et al., 1974) and Dyindjian 
(Bussat ef al, 1973) have suggested that arterio- 
graphy may have diagnostic value in assessing acute 
cord injury, and have presented their clinical experi- 
ence with post-traumatic spinal-cord arteriography. 
However, there is little information about the zm vivo 
response of major (or arteriographically demon- 
strable) arteries and veins in an acutely contused cord. 
Post-mortem perfusion studies of experimentally 
traumatized cords suggest that arteriographic alter- 
ations of the major spinal vessels will not be observed 
(Allen et al., 1974; Assenmacher and Ducker, 1971; 
Ducker et al., 1971; Fairholm and Turnbull, 1971; 
Fried and Goodkin, 1971). 
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For these reasons, the following study was under- 
taken to evaluate the acute arteriographic and veno- 
graphic changes associated with compression injuries 
of the cord in monkeys. 


MATERIALS AND METHODS 

Fifteen. Rhesus monkeys (4-8 kg) were basally 
sedated with phencyclidine hydrochloride* (1-0 mg/ 
kg) and anaesthetized with frequently repeated intra- 
venous doses of a short-acting barbiturate (sodium 
thiamylalf). Arterial and venous catheters were 
introduced by femoral cut-downs. Intravenous in- 
fusions of dextrose/water were administered through- 
out each study to maintain urine volume. Bladder 
distension was relieved periodically by trans- 
abdominal needle aspiration. All angiographic 
studies were magnified three times using a Dynamax 
66AT tube with a 0-3 mm grid-biased focal spot. 

The monkeys were divided into two groups, 
epidural venous studies (Group D) and spinal arterial 
studies (Group II). Cord injury in both groups was 
produced by abruptly and maximally (0-75 ml.) 
inflating the balloon of a 4 Fr Fogarty catheter$ 
within the upper lumbar spinal canal and maintain- 
ing inflation for ten minutes. The balloon was gener- 

ally removed from the epidural space immediately 
following deflation. The technique for percutane- 
ously introducing and positioning balloon catheters 
in the spinal canal of monkeys has been described in 
detail elsewhere (Doppman et al., 1973). Following 
the injury and the acute angiographic studies, the 
animals were observed for 24 hours and their 
neurological status classified as (I) normal, (II) 
moderate weakness, i.e. unable to support weight 
but able to withdraw legs when stimulated, (III) 
spastic paraplegia, or (IV) flaccid paraplegia. This 
evaluation was based upon observation of the 
animals’ activity in the cage and no attempt was 
made at detailed neurological testing. Angiographic 
studies were repeated at 24 hours, and the cord was 


tiran: 





*Sernylan, Bio-Ceutic Laboratory, St. Joseph, Missouri. 
TSurital, Parke-Davis, Detroit, Michigan. 

tMachlett Laboratories, Stamford, Connecticut. 
SEdwards Laboratories, Santa Ana, California. 
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then selectively perfused with opaque silicone rubber 
for microangiography. The thoracolumbar vertebral 
column was removed, fixed for seven to ten days in 
formalin, and the cord was removed through an 
extensive laminectomy. Microradiography was per- 
formed on a Faxitron 805 unit using mammo- 


graphic (RPM, Kodak) film. 


Group I—epidural venous studies 

Control epidural venograms were obtained in nine 
monkeys by injecting meglumine iothalamate* 
(3 ml./second x2) into the distal IVC below an 
occluding balloon catheter. Excellent filling of the 
lumbar and lower thoracic epidural venous plexus is 
consistently produced by this technique. Lateral 
serial venograms (one film/second X6) were ob- 
tained in all monkeys; antero-posterior studies were 
performed in five. The cord was then acutely com- 
pressed at the L1-L2 level with an anterior (four 
monkeys) or lateral (three monkeys) epidural bal- 
loon. Venograms were obtained in all animals while 
the balloon was distended. Following deflation and 
removal of the balloon, venography was repeated at 
five and/or 30 minutes, two hours and four hours 
post-injurv. At 24 hours, motor function was evalu- 
ated and the severity of paraplegia was graded. Epi- 
dural venography was repeated. An arterial catheter 
was then introduced, selective spinal cord arterio- 
graphy was performed, and the cord was perfused 
for microangiographic studies. 

In two control monkeys, the Fogarty balloon 
catheter was introduced into the spinal canal at the 
L1-L2 level, but the balloon was never inflated. 
Serial epidural venograms at half, one, two and four 
hours were performed, and the animals were clinic- 
ally evaluated at 24 hours. 


Group IH —arterial studies 

In five monkevs, control spinal cord arteriography 
was performed by injecting 2 ml. of methylgluca- 
mine iothalamate into the appropriate lumbar artery, 
usually L2. Lateral filming was carried out for 12 
seconds to record the arterial, capillary and venous 
phases of the spinal-cord circulation. T'he cord was 
acutely compressed and selective serial spinal-cord 
arteriograms were obtained at five minutes, 30 min- 
utes, one, two and four hours post-injury. The 
catheter remained in the selective lumbar artery 
throughout the study and was periodically perfused 
with heparinized saline. At 24 hours, the presence 
and severity of paraplegia were recorded, the 





*Conray 60, Mallinckrodt Chem Works, St. Louis, 


Missouri. 


animals were anaesthetized and spinal cord arterio- 
graphy was repeated prior to perfusion and sacrifice. 

In two animals the appropriate lumbar artery was 
selectively catheterized and spinal-cord arterio- 
graphy was performed at five and 30 minutes, one, 
two and four hours, but a balloon catheter was not 
inflated in the epidural space. As in the cord injury 
group, the selective catheter was left in the lumbar 
artery and periodically perfused with heparinized 
saline throughout the four hour period. 


RESULTS 
Epidural venous studies 

The results of the epidural venous studies are 
summarized in Table I. 

In monkeys 1 and 2 undergoing serial epidural 
venography with catheter placement but without 
balloon inflation (Fig. 1), no neurological defects 
were observed at 24 hours. 

In the cord injury group, the acutely inflated 
balloon appeared to completely fill the spinal canal 
(Fig. 24). Venography during the period of balloon 
inflation demonstrated either complete non-filling of 
the epidural plexus (two monkeys) or obstruction to 
craniad flow at a variable distance below the balloon 





Fic. 1. . 


Antero-posterior (A) and lateral (B) epidural venograms 
with the balloon catheter (arrow) in position but not 
inflated. 
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TABLE I 
EPIDURAL VENOGRAPHIC STUDIES 


















a a a a NECI ML M MD M a CMM EDT 
| Site and sizet | Severity of Arteriography 
| Monkey of balloon paraplegia Venography 24h Microangiography 
i T ——— ÁO HR M E. RR e È aar EAO A ATEAN A A att ARA A a A A 
| 1 Anterior Normal Normal 5’, 30’, 60' Not done Not done 
| Control L1-12 Normal 4 and 24h 
| Not inflated 
| . 2 Anterior Normal Normal 5’, 307, 60° Not done Not done 
| Control Li-L2 Normal 4 and 24 h 
Not inflated | 

3 Anterior Flaccid Normal 5', 60’, 120° Poor filling of Poor perfusion of central 
| Li-L2 Grade IV Obstructed 4 and 24 h posterior veins grey matter at and below 
| 26 x 23 mm balloon 
| 4 Anterior Flaccid Normal 30', 60° Normal Normal 
| T12-L1 Grade IV Obstructed 2, 4 and 24 h 
| 42 x 22 mm 
| 5 Anterior Flaccid Normal *30', 120° Normal Normal 
i L1-L2 Grade IV Normal *4 and 24 h 
| 18 x 22mm 
| 6 Anterior Flaccid Normal *5', 120° Normal Normal 
| A-L2 i Grade IV Normal *4 and 24 h 
| 18 x 23 mm 
DL Y Lateral Spastic Normal 30’, 60’, 120° Normal Normal 
| Li-L2 | Grade III Normal 4 and 24h 
| 19 « 20 mm 
| 8 Lateral | Spastic Normal *5', 120 Normal Normal 
| Li-L2 Grade HH Normal 4 and 24h 
* 20 < 21 mm 
| 9 Lateral. Paretic Normal 30, 120° Normal Technically inadequate 
, T12-L4 Grade II Obstructed 4 h perfusion 
| 23 x 23 mm | Normal 24 h 


AP rotor isas ROPER EMAC EM PIA 





*l'nilateral focal obstruction of epidural vein at intervertebral foramen through which epidural balloon was introduced 


t£*ot corrected for magnification. 


(Doppman, 1974; 1975). Thus, all acutely-inflated 
balloons produced total obstruction of the epidural 
venous plexus. 

Following deflation and removal of the balloon, 
the immediate (five-minute or 30-minute) veno- 
grams were normal in five (Fig. 2). Unilateral 
localized non-filling of the epidural vein at the 
foramen through which the balloon catheter was 
introduced (always left L1-L2) was observed in 
three monkeys. Probably a post-traumatic change 
due to catheter introduction, this localized obstruc- 
tion cleared on the two-hour film in one instance 
( Monkey 8) but persisted in the other two (Monkeys 
5 and 6) and was ignored when evaluating serial 
progressive venographic changes. No acute extra- 
vasation of contrast media suggesting venous 
haemorrhage was demonstrated. 

In two monkeys, progressive obstruction of the 
epidural veins at the level of injury (Figs. 3 and 4) 
developed. 

Al monkeys were paralysed at 24 hours. The 
severity of paraplegia appeared to be related to the 
site of the balloon at the time of inflation (Doppman, 





in press; Ramsey and Doppman, 1973). Balloons 
directly in front of the cord (Monkeys 3-6) produced 
the most severe neurological deficit: all had Grade 
IV or total flaccid paraplegia and two of them showed 
progressive epidural venous obstruction. Lateral 
epidural balloons (Monkeys 7-9) were associated 
with less severe neurological deficits—spastic para- 
plegia (Grade III) in two and inability to stand 
(Grade II) in one. Only one of these showed evi- 
dence of epidural obstruction on the four-hour film 
with reversion to normal at 24 hours. 

All seven monkeys had normal selective spinal 
cord arteriograms at 24 hours except for a single 
Grade IV paraplegic monkey with absent filling of 
veins on the posterior cord surface. This same 
monkey was one of two showing progressive ob- 
struction of the epidural venous plexus on the four- 
and 24-hour venograms (Fig. 4c) Microangio- 
graphy in this monkey revealed cord swelling and 
poor perfusion of the arteries to the central grey 
matter at balloon level (Fig. 4p). The microangio- 
graphic studies of the remaining cords appeared 
normal. 
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(4) Inflated lateral balloon at L1 completely obstructs epi- 
dural veins. Note congested tense appearance of obstructed 
veins (A) compared with normal (B). Large arrow on this and 
subsequent radiographs marks site of cord injury. 


(B) Normal 24-hour venogram. All post-injury venousstudies 
were normal. 


(c and D) Twenty-four hour arteriograms, arterial and ve- 
nous phases. No displacementof anterior spinal artery (arrow- 
heads) and no swelling of cord on venous phase. 


(E and F) Microradiographs show no evidence of non-filling, 
extravasation or cord swelling. Arrowheads indicate site of 
contusion. Animal had spastic paraplegia (Grade III) 
following injury. 
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TABLE II 
ARTERIOGRAPHIC STUDIES 

















Site of Severity of 
Monkey balloon | paraplegia Arteriography Microangiography 
l | Notinflated Flaccid* Normal 5', 30°, 60 Not performed 
L1-L2 Grade IV Normal 2 and 4 h 
2 Not inflated Flaccid* Normal 5', 30', 60' Not performed 
L1-2 Grade IV Normal 2 and +h 
} \nterior Flaccid Normal 30', 60' Poor filling of central 
L2-3 Grade IV Cord focallv swollen 2, 4 h vasculature, ASA normal 
Nonfilling of posterior veins, 24h | 
4 Yinterolateral Flaccid Normal 5', 30°, 60 | Cord swollen, poor filling 
L.1-2 Grade IV Normal 2, +h of central vessels 
Prolonged ASA filling 24 h 
5 Anterior Flaccid Normal 5', 30', 60 | Cord swollen, sulcal 
L.1-2 Grade IV Normal 2, 4 h arteries not well filled 
‘Technical failure, 24 h 
6 Posterior Died evening Normal 30°, 60 Norma! 
L1-2 of study Normal 2, 4 h 











*Paraplegia due to arteriography, see text. 
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(a) Inflated anterior balloon at T12-L.1 level totally obstructing epidural veins. 
(B) Thirty minutes post-injury; normal epidural venogram. 
(c) Two-hour venogram shows development of total obstruction just below site of balloon injury. Obstruction persisted on 
four and 24-hour films. 

(p) Selective L-2 arteriogram, at 24 hours; artery of Adamkiewicz (small arrow-heads) and anterior spinal artery (large 
arrow-heads) appear normal, especially at site of balloon contusion (large arrow). Opacified 1st lumbar vertebra resulted 
from preceding injection. 

(xn) Venous phase of spinal cord arteriogram outlines anterior and posterior surface of cord (arrow-heads). Note absence of 
gross cord swelling at site of compression (large arrow). Microangiography was normal. 
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A B FIG. 





4. C D 


(A) Venogram with inflated epidural balloon at L1—L2. Note total non-filling of epidural venous plexus 


(B) Two hours post-injurvy ; 
(c) Twenty-four hour venogram reveals obstructed epidural veins at inferior margin of L2. 


venogram remains normal. 


Ar teriogram rea ealed poor 


filling of posterior veins at level of injury, 
(D) Microradiograph of perfused anterior spinal artery, Note decreased filling of central arteries at site of balloon contusion 
between arrowheads. 


Arterial studies 

Table II summarizes the results in this group of 
animals. 

The two monkeys 
selective spinal cord arteriography without balloon 


control undergoing serial 
injury were paraplegic (Grade IV) at 24 hours. All 
acute arteriograms were normal in these two animals. 
Arteriography at 24 hours showed prolonged arterial 
opacification and absent venous filling. 

In the cord injury group there were three anterior 
balloons and one posterior balloon. Arteriography 
during balloon inflation showed obstruction of the 
anterior spinal artery in two, and displacement 
without obstruction in two. 

Serial selective spinal cord arteriograms during 
the four hours following removal of the balloon 
remained normal. The anterior spinal artery 
showed no evidence of spasm or displacement on 
studies performed within five minutes of deflating 


and removing the balloon. Antero-posterior cord 
diameters at the site of balloon trauma were serially 
measured over four hours and, even with the ad- 
vantage of a pre-injury control, cord swelling was 
observed only once (Fig. 5). Neither prolonged 
opacification of the anterior spinal artery nor delayed 
filling of the posterior spinal veins were observed 
on the acute (up to four hours) arteriographic 
studies. 

One animal from this group expired the evening 
of the experiment from excessive femoral bleeding. 
A 24-hour arteriogram could not be performed but 
the cord normal on a post-mortem micro- 
angiographic study. The three remaining animals 


Was 


were severely paraplegic (Grade IV) at 24 hours. 
Twenty-four hour spinal cord arteriograms showed 
prolonged opacification of the anterior spinal artery 
and delayed or absent filling of the posterior spinal 
veins (Fig. 5p). Microangiograms of perfused cords 
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(4) Control arteriogram, venous phase; cord well outlined (arrow-heads) by anterior and posterior veins. Large arrow 
indicates site of contusion. 
(B) Thirty minutes post-balloon contusion; deflated balloon catheter still in position. 
| Four hours post-injury. Cord slightly but diffusely swollen. Posterior veins are thinned and displaced against lamina. 
(p) Twenty-four hour study, 15-second film. Anterior and posterior spinal arteries (arrow-heads) remain filled for à pro- 
longed period but the spinal veins never filled. 


showed normal filling of the anterior spinal artery 
but poor perfusion of the sulcal arteries and the 


central grev matter. 


DISCUSSION 

Our technique for acutely contusing the cord 
differs from the Allen method in which 
weights are dropped a known distance onto the 
posterior surface of the surgically exposed cord. We 
chose to use an abruptly inflated balloon introduced 
percutaneously into the epidural space in order to 
avoid a laminectomy which might influence the 
haemodynamics of the spinal and epidural vessels in 
the post-injury period. Other investigators have 
used a similar technique for cord injury studies 
(Thienprasit et al., 1975; Martin and Bloedel, 1973; 
Tarlov, 1957). 

These preliminary studies suggest that epidural 
venography may be of some clinical value in the 
early stage’ for selecting acutely paraplegic patients 
likely to benefit from decompression. In two of four 


classic 


animals with the most severe (Grade IV) paraplegia, 


the development of epidural venous obstruction 
during the four hours post-injury suggests pro- 
gressive cord and peridural swelling sufficient to fill 
the spinal canal and interfere with local perfusion. 
The venous obstruction occurred at a stage when 
arteriography was always normal in a similarly 
injured group of animals. Myelographic block was 
probably also present at this time but was not 
investigated. A study is currently under way to 
compare myelographic and venographic findings in 
a group of acutely paraplegic animals to establish 
the sensitivity of each diagnostic test as an indicator 
of complete block. 

However, obstruction of epidural veins did not 
appear to be a very sensitive indicator of cord 
trauma, being observed in only half of the most 
severely paralysed animals and in none with lesser 
degrees of paraplegia. 

Even more disappointing was the absence of 
arteriographic changes during the immediate post- 
injury phase. Neither spasm nor displacement of the 
anterior spinal artery were observed on immediate or 
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serial (up to four hours) arteriograms. Focal swelling 
at the site of cord injury could not be diagnosed on 
serial measurements of the cord's antero-posterior 
diameter, even with the availability of pre-injury 
measurements. Although sulcal arteries in the 
monkey spinal cord can be faintly visualized. on 
magnified normal lateral angiograms, extravasation 
of contrast into the grey matter was never observed. 
(Microradiographic studies of paraplegic monkeys 
traumatized by the Allen technique usually show 
extravasation at four hours). These findings in the 
Group II (serial arteriogram) monkeys were sup- 
ported by the normal 24-hour arteriograms and 
microangiograms in all Group I (serial venogram) 
monkeys. 

The Group II studies might be criticized on the 
basis that serial arteriography over four hours with 
an indwelling selective catheter produces spinal cord 
injury and paraplegia without the additional trauma 
of an epidural balloon. Repeated injection of con- 
trast media and reduced arterial inflow probably 
both contribute to the cord injury. (An embolic 
aetiology seems unlikely in view of the normal 
serial arteriograms.) However, repeated venographic 
studies do not injure the cord and we knew from the 
Group I study that balloons of this diameter at this 
level always produced paraplegia. There seemed to 
be no alternate way to evaluate acute arteriographic 
changes than to perform serial arteriography. Re- 
moving the catheter from the lumbar artery between 
injections. might have lessened the incidence of 
post-arteriographic paraplegia, but lumbar arteries 
in monkeys are prone to spasm and repeated 
catheterizations may be difficult. The fact that the 
spinal cord arteriograms remained normal up to four 
hours suggests that neither acute cord compression, 
contrast media injury, nor the combination of insults 
produces diagnostic arteriographic findings in the 
acute phase. 

The role of arteriography in the evaluation. of 
spinal cord injury has yet to be determined. Total 
obstruction or transection of the anterior spinal 
artery can be demonstrated by arteriography but is 
uncommon except in penetrating injuries. Under 
such circumstances, the clinical evidence for cord 
disruption should be sufficient. Compression of the 
cord by fracture fragments or haematomas could be 
diagnosed arteriographically by displacement of the 
anterior spinal artery but similar information would 
be available myelographically. It is the acutely 
paraplegic patient with a negative myelogram that 
vexes the neurosurgeon, and in these acute con- 
tusions arteriography in the early post-injury phase 
wil probably contribute little information. upon 


which to base a prognosis or a decision to de- 
compress. The use of arteriography in dorso-lumbar 
vertebral fractures to identify the level of the artery 
of Adamkiewicz prior to anterior decompression is a 
separate application, not restricted to trauma, 
originally recommended by us (Doppman et al., 
1968) and recently re-emphasized by Bussat ef al. 
(1973). 

Epidural venography is more informative and 
probably less harmful than spinal arteriography in 
cases of acute traumatic paraplegia. We have 
demonstrated obstructed epidural veins at the level 
of a contused cord and in the presence of a normal 
spinal cord arteriogram. But its sensitivity as an 
indicator of acute cord injury must be evaluated 
against the diagnostic value of myelographic and 
neurophysiologic (evoked cortical potential) studies. 
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Book review 


Venous Thrombo-embolic Disease. pp. 255, 1975 (Churchill 
Livingstone), £5-00, 

Thrombo-embolic disease remains a topical subject, and 
this book records the proceedings of a symposium held at 
the University of Edinburgh in September 1974 at which 
the subject was thoroughly reviewed by a distinguished 
«wroup of contributors. The stated objectives were “to 
provide an opportunity for workers in this field to report on 
their current research interests ... and to obtain authori- 
tative views on clinical management", Accordingly, the 
book is split into sections dealing with prophylaxis, re- 
search papers and pulmonsry embolism, which comprises 
the bulk of the material presented. Most papers are in the 
form of reviews of the authors’ published work, and not 
much new information is presented. The advances made in 
this feld in the past ten years have been so considerable 
that it is wise to take stock of the situation and objectively 
assess the changes that have resulted in routine hospital 
practice. The physiological studies on the determinants of 
femoral-vein blood flow by Cotton and his colleagues are 
noteworthy in this respect, in that they confirm the im- 
portance of venous stasis during surgical operations in the 
genesis of venous thrombosis. V. V. Kakkar gives a clear 
account of the use of low-dose Heparin in routine surgical 
practice in several centres, and describes its limitations. The 
recent general tendency towards earlier ambulation of 
medical and surgical patients may well be influencing the 


S, N., 1975. Effect of delayed local cooling on experi- 
mental spinal cord injury. Journal of Neurosurgery, 42, 
50-154. 
Wener, L., DiCumo, G., and Garcour, G. W., 1974. 
aes aa of cervical cord injuries. Radiology, 112, 
597—604, 


natural history of venous thrombosis, although as Mac- 
pherson points out in his opening remarks, the occasional 
dramatic death from pulmonary embolism is not prevented. 
Of interest to radiologists particularly are the papers by 
Buist on peripheral phlebography with comments by Lea 
‘Thomas, and by Muller on the assessment of fibrinolytic 
therapy for massive pulmonary embolism by pulmonary 
angiography. P. K. Caves contributes a comprehensive re- 
view of pulmonary embolectomy, stressing the current low 
mortality when cardiopulmonary bypass is used. The use 
of ‘‘fiving squads” for the surgical treatment of pulmonary 
embolism has not been without problems, and the consen- 
sus view is that transport to a centre with full facilities for 
cardiopulmonary bypass is more satisfactory. 

Many fascinating problems remain to be unravelled in the 
field of venous thrombo-embolism, but the application of 
scientific methods, including controlled trials of therapy, 
has undoubtedly contributed to a clearer understanding of 
this very common problem. This book is compact and com- 
prehensive, and the editors and publishers are to be con- 
gratulated on the short time which has elapsed from the 
time of the symposium to publication. I would recommend 
the book as a good buy both for those interested in gaining 
an overall view of the “‘state of the art" and also to those 
who have deeper interests in this field, as a handy refer- 


ence source. | 
R. Wray. 
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ABSTRACT 

The usefulness of arteriography in the diagnosis and 
management of bone tumours has been evaluated in 78 
cases (49 malignant neoplasms, 17 benign tumours and 12 
inflammatory lesions). Using well-defined criteria, of which 
the presence or absence of tumour vessels is of decisive 
importance, arteriography represents— not as a routine 
procedure but in selected cases—a most useful guide to 
establishing the diagnosis, by adding important information 
to standard radiography, by defining the extent of the lesion 
and by assisting in the selection of the best site for biopsy. 


Although arteriography is a well-established radio- 
logic method for the investigation of intracranial, 
intrathoracic and intra-abdominal organs, it has not 
gained wide acceptance in the diagnosis and man- 
agement of bone tumours. In particular, there is 
much controversy about its usefulness in differen- 
tiating between benign and malignant disease, its 
role being limited to define the soft-tissue extent of 
bone tumours and to depict the appropriate site for 
biopsy (Feldman) et al., 1975; Halpern and Frei- 
berger, 1970; Viamonte et al., 1973; Yaghmai et al., 
1971). 

The lack of characteristic. clinical. symptoms 
renders radiology a crucial component of bone- 
tumour diagnosis. The radiologist has attempted to 
justify this decisive role through systematic analysis 
of the pathologic changes observed on conventional 
radiographs (Lodwick, 1971). In spite of a high 
degree of diagnostic accuracy obtained in this man- 
ner, the radiologic findings need histologic proof. 
However, the attempt to obtain the maximum diag- 
nostic information from the radiographic studies 1s 
especially important, since the histologic diagnosis 
may also be subject to error. On the one hand, the 
tumour tissue is often quite inhomogeneous, while, 
on the other hand, the biopsy consists of only a por- 
tion of tissue (Johnson, personal communication; 
Uehlinger, 1974). It is, therefore, understandable 
that errors in predicting tumour aggressiveness, and 
even in establishing histologic type, cannot be 
avoided by the pathologist. Bone pathologists, there- 
fore, hesitate to make a diagnosis without reviewing 


the radiographs. Since conventional radiography, 


including computerized analysis, has certainly 
achieved its maximum yield of information, the 


remaining frequency of error might further be 
reduced by adding arteriography to the conventional 
radiologic investigation. 

The purpose of this paper is to analyse the useful- 
ness of bone tumour arteriography, with special 
reference to the differentiation between benign and 
malignant neoplasms, tumour extent and prediction 
of histologic type. 


MATERIAL AND METHODS 

Our own experience with arteriography in neo- 
plastic and inflammatory lesions of bones and soft 
tissues, starting in 1967, has up to now been based 
upon 93 cases, 50 per cent of which have been | 
collected during the last two years (Table I). Of the 
total number of cases examined 15 (seven soft-tissue 
sarcomas, four benign tumours and four abscesses) 
were purely extraosteal in location and are, there- 
fore, not included in this paper. The present evalua- 
tion is limited to lesions involving bone. All cases are 
histologically proven, either by open biopsy or after 
surgical removal. 


Procedure 

In each case arteriography was carried out using 
a red Odman-Ledin catheter (Kifa, Sweden; 
ID/OD 1-4/2-2 mm) with two side-holes 1 cm from 
the tip. With a manipulator instrument (Cook, Inc., 
Bloomington, Ind., U.S.A.) the tip of the catheter 
was always placed as close as possible to the disease 
process. The total amount of contrast medium 
(Urografin 76 per cent, Schering, West Germany) 
injected with a pressure injector apparatus (Con- 
traves, Zürich, Switzerland), and the flow-rate were 
chosen depending on the diameter of the selectively 
catheterized artery, varying from 15 to 40 ml. at a 
rate of 5-15 ml./second. Exposures were made two 
per second for three seconds, one per second for 
six seconds and one every other second for eight 
seconds. As a rule, the disease process was investiga- 
ted in at least two different projections. Magnifica- 
tion- and pharmacoangiography were not used, but 
in each case subtraction films were obtained. 
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‘TABLE I 
ANGIOGRAPHY IN BONE TUMOURS 1967—1975 





UU AE E NI ce eel | 
| Malignant tumours 

Osteogenic sarcoma 1 
| Chondrosarcoma 

Malignant giant-cell tumour 
| Ewing-sarcoma 
Reticulum cell sarcoma 
Fibrosarcoma 





| Adamantinoma 

| Soft-tissue sarcoma with skeletal 

| involvement 

| Soft-tissue sarcoma v without skeletal 
| involvement 

|? Tetastatic tumours in bone 


———————————————————— M 


e oe 


| Benign tumours 
| Osteochondroma + 
Osteoid osteoma 2 
Benign chondroblastoma 1 
Chondroma 1 
| Chondromyxoid fibroma 2 
Crant-cell tumour 1 
i Fibroma 1 
| Haemangioma 2 
| Eosinophilic granuloma 2 
| Fibrous dysplasia 1 
| Soft-tissue tumours without skeletal 

| involvement 4 


1 —————————————————————————————————————— 








|. bhotentnatóre Penn 

| Osteomvelitis 

| Moft-tissue abscesses 
y illonodular synovitis 


— ÓÓ—— —— ——— ———— ———Ó———HÓÓ— Ma E E Hanh te im it Hora 





Evaluation 

In analysing the usefulness of arteriography in 
tumours we conchided there were three main ques- 
tions to be answered: does arteriography yield 
mereased information over standard radiography in 
regard to: 

(1) the differentiation between benign and malig- 
nant; 

(2) the extent of the disease process; 

(3) the prediction of histologic type? 

The differentiation between benign and malig- 
nant neoplasms, as well as inflammatory lesions, 
was undertaken by using specific angiographic cri- 
teria (Tables II to IV). Thus, the diagnosis of 
a malignant neoplasm was based upon the presence 
of tumour vessels (characterized by an irregular 
calibre, a distorted course and abrupt angulations), 


TABLE II 
MALIGNANT BONE TUMOURS 


















Specific 
signs 


Neovascularity | 
‘Tumour vessels—irregular calibre 
-—distorted course 
—abrupt angulations 
Lakes 
Arteriovenous shunting 
Non- | Hypervascularity 
specific Accumulation of contrast 
signs (“tumour stain") 
| Early venous drainage 


TABLE If] 
Benton Bone Tumours 











Specific 
signs 


Vascular displacement 
Absence of tumour vessels 
| Absence of lakes 


Non- 





Hypervascularity 


specific Accumulation of contrast 

signs (parenchymal stain) 
Early venous drainage 

TABLE IV 
OSTEOMYELITIS 
EIDEM 
Specific Hypervascularity 
signs Accumulation of contrast 


(blush, stain) 
Early venous drainage 





mn——— EE E ET EET 


| Absence of tumour vessels 


pinnone mei Aenea mtn 





vascular lakes and arteriovenous shunts within 
portions of the tumour (Fig. 1). In the absence of 
these signs of malignancy the lesion was called 
benign. Hypervascularity (dilated feeding arteries, 
increased number of regular shaped vessels within 
the disease process), accumulation of contrast me- 
dium during the capillary phase (parenchymal stain) 
as well as early venous drainage from the entire 
region involved were considered as non-specific 
( Fig. 2). 


RESULTS 

1. Differentiation between benign and malignant 
disease 

From a total of 49 malignant bone tumours un- 
equivocal evidence of malignancy was present on the 
standard radiograph in 38 cases, whereas the other 
11 cases could not be classified (Table V). Thirty- 
seven of the 38 cases diagnosed as malignant by 
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Female, 15 years. Ewing’s sarcoma proximal shaft of 
femur. ‘Tumour vessels (P). 














TABLE V 
MALIGNANT BONE TUMOURS 








‘Total 































Conventional 38 11 non- 
radiography positive | diagnostic 49 
Angio- | Positive | 37 8 45 
graphy — | - - 
Negative l 3 + | 












Fic. 2. 


Male, 16 years. Osteomyelitis. Hypervascularity (dilated feeding arteries, increased number of regular shaped vessels), 
accumulation of contrast medium during capillary phase, early venous drainage from entire region involved. On plain 
film differentiation from malignant tumour not possible. 


conventional radiography, also revealed the signs of specific signs of malignancy were lacking. Among 
malignancy angiographically; one parosteal osteo- the 17 benign bone tumours there were three cases, 
genic sarcoma, however, was totally avascular. which were suspected to be malignant by standard 
Eight of the 11 non-diagnostic cases by standard radiography (one fibroma, one osteochondroma, one 
techniques turned out to be malignant by arterio- eosinophilic granuloma). In none of these 17 cases, 
graphy (Fig. 3), whereas three cases (one fibrosar- however, was there any evidence of malignancy on 
coma, one adamantinoma, one Ewing’s sarcoma) arteriography (Fig. 4). Four cases of osteomyelitis, 
remained unclear after arteriography, because the which could not be unequivocally differentiated from 
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malignant bone tumour by conventional radi- ography was especially valuable in malignant bone 
graphy, revealed angiographically only a non-speci- tumours which have grown out into the soft tissues 
fic hvpervascularitv, as did seven further cases of (Fig. 6). In these instances, the full size of the 
ir-cut osteomyelitis (Fig. 5) tumour, as seen on arteriography, exceeded its 
overall extent, determined by standard radiography, 

Determination of tumour extent in osteogenic sarcoma, Ewing's sarcoma and reti- 
For exact delineation of tumour extent arteri- culum-cell sarcoma by one-third; in malignant 








FIG. 3. 
ale. 50 v&ars. Chondrosarcoma. (a) Frontal, (B) lateral, (c) antero-posterior tomogram, (D) early, (E) late phase of angiogram, 
(F) operative specimen. 
Plain film diagnosis: chondromyxoid fibroma (expanded, partially destroyed cortex (>); sclerotic rim ( =}>)). 
Angiographic diagnosis: malignant tumour (abundance of tumour vessels; focal arterio-venous shunting ( - 
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Fic. 4. 


Male, 20 vears. Fibroma. Plain film: primarily benign tumour with malignant degeneration (interrupted periosteal reaction 
(`œ)). Angiogram (lateral view): benign tumour (displacement of vessels only (P)). 
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Fic. 5. 
Male, 28 years. Osteomyelitis. Hypervascularity along the cortex and within the cavitary lesion of the medulla (P), but no 
tumour vessels. 
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Male, 22 years. Osteogenic sarcoma, Better definition of tumour extent by angiography. 


There was, for instance, no difference in the appear- 
ance of tumour vessels between osteogenic sarcoma, 
Ewing's sarcoma and chondrosarcoma. The only ex- 
ception to this observation was osteoid-osteoma, 
where a dense accumulation of contrast medium 
within the nidus during the capillary phase of the 
arteriogram is typical for this type of lesion (Fig. 8). 


eant cell tumour and chondrosarcoma by one-fifth. 
Certain. sarcomas, such as chondro- and fibro 
sarcomas, were at times only partially vascularized 


ngiographically and presented, therefore, quite in- 


listinct borders (Fig. 7). 


|. Prediction of histologic type 

The attempt to deduce from the angioarchitecture 
of a tumour characteristic vascular patterns, which 
could serve as predictor variables regarding histolo- 
gic type, was generally unsuccessful in our material. 


DISCUSSION 
The above data indicate that arteriography has a 
definite place in the diagnosis and management of 
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Fic. 7. 


Male, 52 years. Chondrosarcoma (pelvis and proximal thigh). Tumour only partially vascularized (P>), whereas other 
areas remained avascular (f>). 


bone tumours. This is particularly reflected by the 
increasing frequency with which we have been us- 
ing this method over the past eight vears. Above all, 
there has alwavs been much debate about whether 
arteriography is apt to yield increased information 
over standard radiography in differentiating malig- 
nant from benign neoplasms, as well as from inflam- 
matory lesions (Feldmann et al., 1975; Halpern and 
Freiberger, 1970; Herzberg and Schreiber, 1971; 
Viamonte et al., 1973; Yaghmai et al., 1971). 

From our results it can be concluded that arteri- 
ography, in addition to standard radiography, in- 
creases diagnostic accuracy in predicting benignity or 
malignancy by approximately 20 per cent. The most 
important finding, on which this differentiation is 
based is the presence or lack of tumour vessels (Billing 
and Lindgren, 1944; Herzberg and Schreiber, 1971); 
Lindgren, 1945; Strickland, 1959; Wenz et al., 1971). 
Histologically, these tumour appear as 
primitive vascular channels often consisting of only 
an endothelial layer surrounded by a connective 
tissue sheath, which maintain their thin walls even 


vessels 


after they have grown to a larger size (Billing and 
Lindgren, 1944). This explains their irregular cali- 
bre as well as associated aneurysmal dilatations, 
characteristically seen on the arteriogram (Fig. 1). 
The decisive importance of demonstrating angio- 
graphically these irregular shaped tumour vessels 
the close correlation between the 
tumour parenchyma and its vascular structures re- 
garding the degree of differentiation (Billing and 
Lindgren, 1944; Dibbelt, 1914; Lindgren, 1945). 
In none of our benign tumours or inflammatory 
lesions were there any such tumour vessels discern- 
ible. In fact, most of the benign neoplasms of our 
series were strikingly hypovascular, characterized 
by vascular displacement rather than new vessel 
formation (Fig. 4). But it must also be kept in 
mind that absence of tumour vessels, or even hypo- 
or avascularity, does not rule out malignancy com- 
pletely (Viamonte et al., 1973). It has repeatedly 
been observed that centrally located and well 
vascularized bone tumours are not demonstrated 
arteriographically until the tumour has broken 


is stressed by 


413 


E. Voegeli and W. A. Fuchs 





V 9 years. Osteoid-Osteoma. Hypervascularity with dense accumulation of contrast medium within the nidus (P) 


ugh the cortex. Some authors have, therefore, present in benign tumours (such as aneurysmal bone 
tempted to investigate bone tumours by direct cyst and osteoid osteoma) and is an almost con- 
intraosseous angiography (Klümper and Weller, stant finding of inflammatory disease (Gronner, 
70; Ratti, 1959). Furthermore, avascular areas 1972; Hartel, 1971; Hutcheson et al., 1972; Lager- 
might be due to either tumour necrosis or structural gren. et al., 1958; Lindbom et al., 1960; 1961: 


nhomogeneity (Fig. 7). It is well known to pathol- Viamonte et al., 1973). The angiographic differen- 
"nsts that bone tumours can be composed of more tiation between benign and malignant lesions IS, 
less differentiated parts, as well as of quite therefore, mainly dependent upon the presence or 
lifferent components (é.g., osteogenic sarcoma with absence of tumour vessels. This criterion has a de- 
ndroblastic, osteoblastic and fibroblastic ele-  cisive significance in cases where the differential 
nts), which may markedly differ with regard to diagnosis is impossible on clinical grounds and by 
id supply (Johnson, personal communication). conventional radiography (Fig. 5). The identifi- 
ias, indeed, been shown by microangiographic cation of tumour vessels is primarily based upon the 
dies that the most vascularized areas within a excellence of the examination technique, which is of 
ticular tumour correspond with its most malig fundamental importance for optimum film inter- 
nt component (Lagergren ef al., 1958; 1961a; pretation. Proper film quality is obtained by fol- 
1b). This seems logical, since blood supply is lowing three basic principles: 


ential for every living tissue, increased functional ii Ue 
, : , i : (1) The contrast medium must be injected as close 
lemand thus being met by the formation of new ! > , 
| I as possible to the disease process. Selective 
ipillaries (Lindgren, 1945). Biopsy should prefer- | i à; 
| catheter arteriography is, therefore, essential for 
ibly be taken, therefore, from hypervascular por- M E 
^ : appropriate opacification of the vascular bed 

ions (Viamonte et al., 1973). Increased vascularity, 


however, especially accumulation of contrast me- (2) The disease process has to be investigated in at 
m during the capillary phase of the arteriogram, least two different projections (as is the rule in 
not a specific sign of malignancy. It might well be every radiological examination). 
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(3) Superimposition of bone and calcifications on 
vascular structures should be eliminated by us- 
ing subtraction films (Probst, 1971; Rittmeyer 
and Freyschmidt, 1971). Magnification- as well 
as pharmacoangiography may also be helpful 
(Ekelund and Lunderquist, 1974; Hawkins and 
Hudson, 1974; Rockoff et al., 1966). 

In conclusion, arteriography is not a routine 
procedure in the diagnosis of all presumptive bone 
neoplasms. From our experience arteriography is 
unnecessary if the lesion is unequivocally benign 
on standard radiography. If the lesion is definitely 
malignant by standard techniques, arteriography 
might be performed for better delineation of 
tumour extent, which is of utmost importance if 
radiotherapy is applied. In the group of low-grade 
malignant bone neoplasms (such as giant cell tu- 
mour, chondromyxoid fibroma, certain chondromas, 
such as the one of pelvic location and parosteal 
osteogenic sarcoma) arteriography might be per- 
formed for tumour grading, by using the presence 
or absence of tumour vessels as a predictor variable 
for the degree of tumour aggressiveness. Grading 
in these type of tumours is quite often impossible 
histologically (even on open biopsy) and by con- 
ventional radiography (Mucchi et al., 1966; Probst, 
1971; Uehlinger, 1974). In cases where standard 
radiography is non-diagnostic, and if there ts any 
doubt as to whether a lesion is benign or malignant, 
arteriography represents a most useful guide to es- 
tablishing the diagnosis by helping to differentiate 
benign from malignant disease, by defining the ex- 
tent of the lesion and by assisting in the selection of 
the best site for biopsy. 
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ABSTRACT 

lwo cases of sclerosing osteogenic sarcoma that occurred 
in early childhood are reported. They and the similar cases 
reviewed are unusual in their development at an unusually 
early age, their multicentric presentation and their densely 
nature. These are uncommon manifestations of 
osteogenic sarcoma and are considered due to proliferative 
metastatic osteoid formation in areas of rapid bone growth. 


scleroti 


he appearance of apparently simultaneous osteo- 
genic sarcomas in multiple sites is an uncommon 
condition that has been termed sclerosing osteo- 
genic sarcomatosis by Moseley and Bass (1956), 
Singleton et al. (1962), Morse et al. (1962). These 
authors and others, Silverman (1936), Jaffe (1958) 
and Lichtenstein (1959) considered the possibility 
that osteogenic sarcomas could be multicentric in 
origin. 

A feature of this type of osteogenic sarcoma is 
that it presents with densely sclerotic lesions at the 
metaphyseal ends of the long bones and with ap- 
parently simultaneous involvement of ribs, clavicles, 
numerous round and flat bones, the vertebrae and 
several epiphyses. The process may remain con- 
fined to the bone or break through the cortex, and 
soft tissue calcification is not infrequent. 

Fifty-seven proven osteogenic sarcomas have been 
investigated at the Groote Schuur Hospital ‘Tumour 
Clinic in the last ten years (1965-1974). The two 
voungest were cases of this type. We have therefore 
named them the sclerotic osteogenic sarcoma of 
early childhood. They are reported because there 
is a distinct possibility that they represent rapidly 
appearing metastases which are peculiar to this 
densely sclerotic osteosarcoma, rather than a multi- 
centric condition as favoured by the previously 
mentioned authors. 


Cast Reports 
C ast ] 

A ten-year-old coloured male presented with a painful 
swelling of the distal right femur of four months' duration. 
There was a fusiform swelling involving the lower third of 
the right femur, and the right inguinal glands were enlarged 
and stonv hard. The relevant blood examination figures 
were: haemoglobin 14:5 g per cent, white cell count 10,600 
per ml., and alkaline phosphatase in excess of 57 Bodansky 
units per 100 ml. (Normal range 5-15 units in children.) 


The radiological examination revealed a large sclerotic 
lesion in the distal two-thirds of the right femur which had 
involved the surrounding soft tissues and opacified the right 
inguinal glands. Sclerotic deposits were also present in the 
proximal femur of the same side (Fig. 1), proximal and distal 
metaphysis and epiphyses of the opposite femur and both 
tibiae, both scapulae, the proximal right and left humeri 
( Fig. 2), the 5th lumbar vertebra, and the sacrum and pelvis 
(Fig. 3). An initial chest radiograph appeared clear of lung 
metastasis but sclerotic deposits were present in the 11th 
and 12th dorsal vertebrae. An excision biopsy of the right 
inguinal lymph gland was performed. Histology showed 
total replacement of the node by metastatic osteosclerotic 
osteogenic sarcoma (Fig. 4). 





Fic. 1. 


The large primary sclerotic osteogenic sarcoma of the right 

lower femur with metastases to the right inguinal lymph 

nodes, proximal right and left femora and both proximal 
tibiae. Note epiphyseal involvement. 
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The patient received radiotherapy to the lumbar spine and 
right femur in divided doses in conjunction with oral 
cytotoxics, Endoxan (25 mg) and Methotrexate (1:25 mg) 
were given daily. ‘The mass in the lower right femur res- 
ponded to therapy and the pain diminished. A chest radio- 
graph two months after admission revealed metastatic 
deposits in both lungs with areas of ossification within them 
(Fig. 5). The patient developed chicken pox and cytotoxics 
were stopped for two weeks; thereafter the Endoxan and 
Methotrexate were discontinued and intravenous Vincrist- 
ine (1 gm daily) was given. The patient died one month 
later, 





Fic. 2. 
Sclerotic metastases shown in both proximal humeri and 
scapulae. 





Fic. 3. 


Sclerotic metastases to L.5, sacrum and pelvis and right 
inguinal Ivmph nodes. 


The significant autopsy findings were: the tumour of the 
right femur involved the distal two-thirds of the bone and 
had invaded both epicondyles. Its transverse diameter was 
9 cm and its cut surface was bony hard and vellow in colour. 
Small tumour nodules were present in the remainder of the 
medullary cavity, Similar tumour nodules were found in the 
inner table of the skull, both scapulae, the proximal ends of 
both humeri, the manubrium sterni, the vertebral column 
and the inner surface of the ribs. Both lungs contained 
metastases, the largest nodules being 7 cm in diameter and 
further metastases were found in the mediastinal and hilar 
Iymph nodes, the visceral and parietal pleura and the right 
side of the crebellum. Microscopically, these metastases had 
the same appearance as the primary tumour with abundant 
osteoid and extensive calcification separating the malignant 
cells ( Fig. 6). 





FIG. 4. 
Section of the lymph node biopsy shows replacement of the 
node by osteogenic sarcoma, (H & E = 22). 





Fic. 5. 


Ossifying pulmonary metastases and sclerosing osteogenic 
sarcoma metastases to the scapulae and proximal humeri 


are shown. 
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metastasis showing sclerotic osteogenic 
sarcoma. (H & E x 320). 


Section of lung 


(.ase á 

A seven-year-old coloured boy presented with pain and 
swelling of the right hip following an injury five months 
previously. The right thigh in the region of the hip was 
swollen, firm and indurated. The relevant blood 
examination figures were: haemoglobin 12:6 gm per cent, 
white cell count 11,300 per ml., and alkaline phosphatase 
486 Bodanski units per 100 ml. A radiograph of the right 
femur and pelvis (Fig. 7) revealed a sclerosing lesion of the 
proximal femur invading the soft tissues. Sclerotic lesions 
were also present in L.5, the third part of the sacrum and the 
twelfth thoracic vertebral body, and the angle of the eleventh 
left rib. The chest radiograph appeared normal (Fig. 8). 

\ needle biopsy of the right femur confirmed the diag- 
nosis of an osteogenic sarcoma (Fig. 94). The patient died 
suddenly four days later and significant autopsy findings 
Section of the right femur showed extensive involve- 
ment by a tumour which appeared cartilaginous in many 
areas (Fig. 9B). The tumour extended into the soft tissues 
laterally and also superiorly beneath the inguinal ligament 
to the level of the common iliac vessels where it abutted on 
\ large mass was also present in the retro- 
peritoneal tissues overlying the twelfth thoracic vertebral 

Multiple calcified pulmonary nodules measuring 0-5 
to 2-0 cms were present in the lungs. Focal areas of infarc- 
tion were present and both left and right pulmonary artery 
branches contained tumour embolism with a large embolus 
occluding the left main pulmonary artery. The histology of 
the primary lesion and the pulmonary metastases showed 
ireas of osteosarcoma with osteoid formation directly from 
the sarcomatous cells, but there were in addition many areas 
which consisted of poorly differentiated chondrosarcomatous 
elements 


grossly 


were 


the sacrum. 


hod 


DISCUSSION 
Although thev did not attention to the 


sclerotic nature of the lesions, Halpert et al. (1949) 


draw 


described a seven-year-old girl with a sclerotic 
osteogenic sarcoma in her right knee with advanced 
deposits and pulmonary involve- 


bon scleroti 


ment. The case described by Moseley and Bass 
(1955) was a five-year-old girl who also showed 
multiple sclerotic bone lesions with the most ad- 


vanced one in the right tibia. The lungs though 


Fic. 7. 
‘The large sclerotic primary sarcoma involving the proximal 
right femur with L.5 and sacral metastases are seen. 





Fic. 8. 


The chest radiograph ts clear of pulmonary metastases. 


initially clear, were not apparently followed up. We 
have not access to the literature they quoted of a 
similar case of an eight-year-old Argentinian girl. 
The two cases of multiple lesions described by 
Singleton ef al. (1956) were a six-year-old girl with 
a comparatively extensive lesion in her lower right 
femur and an initially clear chest radiograph, and a 
five-year-old boy with the predominant lesion in his 
upper left femur. This child had terminal ossified 
The six-year-old girl described by 
Morse et al. (1956) had the most advanced lesion in 
her upper left humerus and her chest radiograph 


lung lesions 


showed calcified lung lesions which terminally be- 
came confluent. 
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A Fic, 9, B 


(A) Section of the needle biopsy of the primary tumour show- 
ing tumour osteoid. (H & E x 320). 


(B) Section of the primary tumour at autopsy, showing un- 
ditferentiated sarcoma together with chondrosarcomatous 


element. (H & E x 320). 


These reports and our two cases have the follow- 
ing unusual features which are grouped together for 
the first time: 


1. Age of patients 

All the cases quoted in the discussion occurred in 
children in the first decade of life, their ages ranging 
from five to eight years. This is an unusual predelic- 
tion for the lower end of the age spectrum of osteo- 
genic sarcoma and may be one of the distinguishing 
features of this lesion. 


2. Multiplicity of lesions 

All these cases presented with multiple sclerotic 
bone lesions, and one of the limb lesions was always 
in a more advanced stage than the others. Although 
it is not uncommon for the radiologically visible 
bony metastasis to appear during the progression of 
an osteogenic sarcoma, a figure of 14 per cent being 
given by McKenna et al. (1966), it is uncommon for 
the first presentation to be in this manner. 
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The quoted authors considered a multicentric 
origin to be possible, but we consider metastasis from 
a primary in the limb to be a more likely explanation. 
Initially the chest radiographs may appear clear, 
but our Case 2 showed that this interpretation may 
be erroneous in the early stages. Metastases that 
seed in the lung may not show the same rapid growth 
as those that pass through into active bone growth 
or red marrow areas. Alternatively, the metastases 
may reach the bones via vertebral plexuses (Batson, 
1957) or involve the lymphatics as was also demon- 
strated in our first case. 


3. Sclerotic nature of the deposits 

All the lesions were uniformly opaque and radio- 
graphically dense. They were bone-forming osteo- 
genic sarcomas. When this occurs in the first decade 
of life it appears to be particularly malignant. 
An alternative explanation might be that, because 
the metastasis is sclerotic and because rapidly grow- 
ing bone is a particularly suitable medium for pro- 
lific expansion, the metastasis is visualized at an 
early stage of the disease. 
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ABSTRACT 


Radiography of excised gall-bladders, immersed in water, 
has shown that chronically infected gall-bladders fre- 
quently contain fat. This fat can be seen in vivo, and the 
frequency of the finding was assessed by reviewing 43 
patients with acalculous gall-bladder disease. Other radio- 
logical signs in the cholecystograms were looked for retro- 
spectively, and their incidence assessed. In 20 cases out of 
40, no radiological abnormality was found. 





A 


"In rare cases the thickened and inflamed wall of the gall- 
bladder may show an abundant deposit of fat, evenly dis- 
tributed throughout, or placed irregularly in larger or 
smaller masses.” 
Moynihan (1905) writing on chronic cholecystitis 
It has long been recognized that gall-bladder ab- 
normalities may occur in the absence of stone for- 
mation. These abnormalities include chronic infec- 
tion, adenomyomatosis and cholesterolosis, and were 


grouped under the term cholecystoses by Jutras 


B 


Fic. 1. 


(^ and B) Radiographs of excised gall-bladders immersed in water and radiographed. Note the fat, varying in thickness. 
Pathological evidence of chronic cholecystitis was found. 
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(1960). Many of these patients have symptoms 

indistinguishable from gall-stone disease (Anderson 

et al., 1971). Cholecystectomy leads to relief of symp- 
toms in a large majority of these patients (Gunn et al., 

1973; Glenn and Mannix, 1956). 

Recognized radiological signs of chronic mural 
disease of the gall-bladder are: 

(1) Cholesterolosis. On cholecystography, choles- 
terol polyps are seen as filling defects in the 
gall-bladder, distinguished from non-opaque 
stones because of their unchanging position. 

(2) Mucosal hypertrophy. Gland hyperplasia ini- 
tially causes blurring of the outline of the gall- 
bladder, often involving only a segment of the 
border (cholecystitis glandularis proliferans). 
Later the glands erode into the muscle layers 
(adenomyomatosis). 

The mucosal thickening can cause septum 
formation, and give the gall-bladder an abnormal 
shape (Colquhoun, 1961). 

(3) Failure of opacification on oral cholecystography. 

Other rarer signs which we did not see during this 
review are: 

(1) calcified gall-bladder wall; 

(2) limey bile; 

(3) intramural bullae; 

(+) tumours of the gall-bladder. 

This review determines the incidence of these 
signs in acalculous gall-bladder disease and assesses 
an undescribed sign of gall-bladder disease by identi- 
fication of fat in the wall. 

We have confirmed Movnihan's observation that 
fat is found in the wall of gall-bladders in chronic 
cholecystitis. If an excised gall-bladder is immersed 
in water and radiographed, the resultant film clearly 
demonstrates mural fat if it is present. A normal 
gall-bladder contains little fat (Ham, 1974) and is 
invisible on radiography in water. It is difficult to get 
provenly normal gall-bladders. Normal gall-bladders 
are not removed at cholecystectomy, and at death 
autolysis rapidly destroys histological proof of 
normality. A group of 20 gall-bladders, macroscopi- 
cally normal on excision at post-mortem, were radio- 
graphed under water. Fat was seen only once, in a 
gall-bladder where it was less than 1 mm thick and 
evenly distributed. Conversely we found fat fre- 
quently on radiography under water in the wall of 
abnormal gall-bladders in the excised specimens 
(Fig. 1), and also on abdominal radiography. 

This fat, being "inflammatory fat", is less trans- 
lucent than pure fat and a low kilovoltage is neces- 
sary for its demonstration in life (Fig. 2). Photo- 
graphic effects can produce apparent dark rings 
around images (Mackie, 1917) and so 4 mm was set 
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Fic. 2. 

(A) A gall-bladder at cholecystography. Note the negative 
density of fat especially on the right border—this is an 
inflamed gall-bladder, confirmed at surgery. 

(B) A similar case, Note the "halo" of fat 
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Fic. 3. 


(a and B) A plain film shows a fine crescentic shadow, which on cholecystography is seen to be the gall-bladder wall. 


as the minimum thickness to be present to allow 

unequivocal acceptance of the presence of a ''fat 

sign". The thickness of the perivesical fat is often 
irregular and can be more than 10 mm in thickness. 

Confusing shadows in the gall-bladder area make it 

virtuallv impossible to be dogmatic about the pres- 

ence of a "fat sign" without a cholecvstogram 

(Fig. 3) or gall-stones (Fig. 4) to localize the gall- 

bladder, but retrospective review of the plain films 

after cholecystography often shows the fat line is 
present, Cholelithiasis is frequently present without 
fat in the wall, and conversely fat may be present 
without cholelithiasis. Fat of greater thickness than 

4 mm is present only in a small proportion of cases. 
A review was made of 64 cases of acalculous gall- 

bladder disease. Patients were admitted to the series 

with these criteria: 

(1) They had abdominal pain. Most also had other 
symptoms, e.g. fat intolerance, nausea, vomiting 
or flatulence. 

(2) At laparotomy no lesion was found other than 
gall-bladder disease. 
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(3) The gall-bladder disease was confirmed at 
pathological study. 

(4) No gall-stones were found at cholecystectomy. 

Of these 64, 58 were relieved of their symptoms on 

follow-up after an interval of two to eight years. A 

fuller review of the clinical aspects of these patients 

is in preparation. 

Of these 64 patients, the cholecystograms carried 
out prior to surgery were available for 49 patients. 
A retrospective review was made of these, looking 
for radiological signs of disease. 

(1) No opacification. Our patients took six capsules 
of sodium iopodate, 0-5 g (Biloptin) at 21.00 
hours, and were radiographed the following 
morning. If the gall-bladder was not seen a fur- 
ther 12 capsules were given the same evening. 
If no gall bladder was seen next day it was ac- 
cepted as not opacifying. 

(2) Poor function. If the gall-bladder was seen but 
the density was no better than other soft tissue 
shadows the function was said to be poor. 


(3) Cholesterol polyps. Negative shadows were seen 
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Radiology of acalculous gall-bladder disease—a new sign 





Fic. 4. 


The calcification above the duodenal cap is confirmed as a 


gall-stone in the gall-bladder because of the ''halo" of 


mural fat. 


in the lumen, unaltering in their position with 
postural change. 

(4) Adenomyomatosis. Intra-mural diverticulum 
formation, as illustrated by Colquhoun (1961). 

(5) Blurring of outline. This is a difficult and sub- 
jective assessment. Respiratory and other move- 
ment may blur the gall-bladder outline, but 
occasionally a crenation or “‘fuzziness’’ of the 
outline can be identified, often involving part of 
the outline only. The cases regarded as positive 
showed a fine crenation. 

(6) "Fat sign". The negative density of perivesical 
fat of 4 mm or more in thickness at one point. 

(7) Septum >4 mm. The mucosal proliferation 
makes a septum, again illustrated by Col- 
quhoun. 

(8) Abnormal shape of gall-bladder. Again this is a 
subjective sign. The mucosal hypertrophy gives 
an abnormal shape to the outline, in particular 
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TABLE I 


INCIDENCE OF RADIOLOGICAL SIGNS IN ACALCULOUS GALL- 
BLADDER DISEASE 


43 patients 





No opacification 
Poor function 
Cholesterol polyp 





Adenomyomatosis 
Septum 

Blurring of outline 
Fat sign 

Abnormal shape 

No abnormality seen 





after a fatty meal when the gall-bladder may 
divide into locules of contrast. This sign was re- 
corded as present when such loculation occurred. 
(9) Gall-stones. These were seen in six patients at 
cholecystography, although no were 
found at cholecystectomy. These cases serve as a 
reminder that “acalculous gall-bladder disease" 
is a diagnosis made at a moment in time—in this 
series at the laparotomy. The diagnosis does not, 
preclude stone formation earlier (or later) in the 
disease process. 
These six cases are excluded from ‘Table I, 
leaving 43 cases for the analysis of the frequency 
of occurrence of these signs. 


stones 


CONCLUSIONS 

Radiological diagnosis of acalculous gall-bladder 
disease was possible in only about half the cases. 
Many patients had normal cholecystograms. In par- 
ticular it is disappointing to note the low incidence of 
conventional signs of mural disease—adenomyoma- 
tosis and septum formation. The ''fat sign" on 
occasion is helpful and was the only sign present in 
six cases. 

A normal cholecystogram does not exclude gall- 
bladder disease. 

As Fotopoulos and Crompton (1964) have stres- 


sed, the finding of a diseased gall-bladder on radi- 


ology is not of itself an indication for surgery. 
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Book reviews 


N.C.R.P. Report No. 46— Alpha-Emitting Particles in 
Lungs, pp. 27, 1975 (N.C.R.P. Publications, Washington), 
$3.00, 

In the recent past there has been some controversy in the 
non-technical press over the “hot particle" problem, that is 
the possibility that plutonium in aggregates is much more 
efficient in causing cancer than when more or less uniformly 
distributed in a tissue. This is clearly a practical problem of 
some importance when considering the safety standards for 
air-borne plutonium which in practice will always be in 
„particulate, not molecular, form. The Medical Research 
Council report “The Toxicity of Plutonium” (February 
1975, H.M.5.O0.) considered this and other sources of un- 
certainty about the basic health standards for plutonium 
workers and concluded that the current I.C.R.P. standards 
are in need of little or no modification. 

This N.C.R.P. Report No. 46, Alpha-Emitting Particles 
m Lungs issued August 15,1975) isa much slighter document 
written specifically for U.S.A, readers. It stresses specifically 
that its conclusions are neither an endorsement nor a com- 
mentary on the absolute numerical adequacy of present 
N.C.R.P. standards for plutonium or other alpha-emitting 
radionuclides. The main positive conclusion is “that the 
current N.C.R.P. practice of averaging over the lung the 
absorbed dose from particulate alpha-emitting radionuclides 
is a defensible procedure when employed in conjunction with 
appropriate dose limits". Outsiders may well agree with this 
conclusion. while wondering if the limited experimental 
information (pages 7-8) can justifiably be described as "the 
substantial bodv of experimental animal data available at the 
present time", 


R. H. MOLE. 


Metabolic. Disorders of Bone. By C. R. Paterson, pp 284, 
1974 (Blackwell Scientific Publications), £825. 

This comparatively short book with 284 pages of text 
contains a well-balanced account of the subject of metabolic 
bone disease. It is as up to date as is necessary for its purpose. 
Ht is well written and easy to read. The layout of the text and 
figures is particularly pleasing. It can be warmly recom- 
mended as excellent background reading for the radiologist 
with an interest in bones. 

F. H. Doyte. 


international Encylopaedia of Pharmacology and Thera- 
peutics. Section 79; Sulphur-containing Radioprotective Agents. 
Edited by Z. M. Bacq, pp. 346, 1975 (Oxford-—New York, 
Pergamon Press), $50. 

During the fifties some thousands of compounds were 
tested in mammals for their radioprotective activity. This 
expansive enterprise evidently gained its support from a call 
for defensive measures against some of the peripheral 
effects of nuclear warfare, which threatened more then than 
now. As always, the urgent social need could only be ad- 
dressed to existing knowledge gained under the impulse of 
academic interest. The agents treated here had held atten- 
tion by deserving features: they were active in simple 
systems under conditions which permitted plausible inter- 
pretation of their radioprotective effects in chemical terms; 
because many were present in measurable concentrations. 
within normal cells, it was conceived that they could modu- 
late the registration of radiation damage in cells; and a link 
with the oxygen effect was suggested by a likely implication 
of these agents in oxidative mechanisms. 'This last feature 
made it probable that administration of this class of com- 
pounds would be associated with toxic effects. Such proved 
to be the case; there was found to be a close association be- 
tween their radioprotective and toxic effects, and this book 
records a large part of the endeavour to disentangle them. 
it turns out that the content refers more to toxicology than to 
radiobiology. The nine chapters, by nine Belgian authors, 
describe the general pharmacology of these agents and their 
extensive effects on the various systems of mammals; al- 
though many compounds are included in the class, a high 
proportion of the studies were made using cysteamine. The 
description of metabolic effects occupies a quarter of the 
book. A chapter by Bacq discusses protection bv thiols 
against poisoning by radiomimetic agents. 

The subject may appear to have a historical flavour and to 
appeal to an esoteric interest. However, the interaction of 
toxicity and chemical modification of radiation effects is a 
continuing concern, even when the orientation of interest 
changes, as it has, from protectors to sensitizers. And there 
is often novelty and wisdom in the application of older 
knowledge to newer problems. The book has over 700 
references and is well indexed; but, at 14 cents a page, it is 
very expensive, 

H. B. HEWITT. 
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ABSTRACT 

Two patients are reported with obstructive jaundice in 
pregnancv. In one of these ultrasonic scanning confirmed 
a diagnosis of choledochal cyst, and in the other made this 
diagnosis. 

Ultrasonic suggested as the preliminary 
radiological examination for obstructive jaundice in preg- 
nancy. Any patient with a clinical diagnosis of choledochal 
cyst should have an ultrasonic scan. 


scanning 1s 


Choledochal cysts are an uncommon cause of ob- 
structive jaundice, but there is a tendency for them 
to present in pregnancy (Chesterman, 1944; Flem- 
ing, 1947). We present two cases in whom ultrasonic 


scanning proved valuable. 





p 


Fic. 1 
Vertical section 5 cm to the right of the midline showing 
the very large cyst. L.—liver; C—cyst; P—pregnant uterus; 
l umbilicus 


Case REPORTS 
Case ] 

A 24-vear-old teacher who was three months' pregnant, 
presented with a tender swelling in the right hvpochon- 
drium, which had been present for five weeks. For thre: 
weeks she had been mildly icteric. There was no obvious 
medical historv of note. 

There was a large, soft, slightly tender mass in the right 
abdomen. Serum albumen was 3:6 g per 100 ml 


bulins—2:7 g per 100 ml.; total bilirubin—11:2 mg pe: 


: serum glo- 


100 ml., 9:6 mg per 100 ml. being direct; serum alkaline 
phosphatase was 34 KA units per 100 ml.; SGO'T—40 





Fic. 2. 


Vertical section 5 cm to the right of the midline. € cyst 
K—kidneyv; P—pregnant uterus. 
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IU/L and SGPT—78 IU/L An ultrasonic scan revealed a 
very large cyst in the right abdomen (Fig. 1). 

At laparotomy a huge choledochal cyst was present. A 
choledochocyst-duodenostomy was carried out. 

She made an excellent post-operative recovery. Her jaun- 
dice rapidly cleared and she went on to complete a normal 
pregnancy, 

it is now over a year since the operation and she remains 
well. 


Case 2 

A 19-year-old sales assistant presented at the Manchester 
Koval Infirmary complaining of right hypochondrial pain of 
three weeks’ duration, followed two weeks later by jaundice. 
She was five months’ pregnant. An attack of acute pancrea- 
titis one vear previously was confirmed biochemically, but 
following this an oral cholecystogram was normal, as was the 
exocrine pancreatic function, Since then she had been sub- 
ject to recurring attacks of colicky, right upper quadrant 
pain and had been slightly icteric on one previous occasion. 

On examination she was muldly icteric and no definite 
mass AL. felt in the right hypochondrium. Serum albumen 
was 3-7 g per 100 ml.; total protein—7:0 g per 100 ml.; 
serum  bilirubin-—2-8 mg per 100 ml; serum alkaline 
phosphatase— 12:8 KA units per 100 ml. ; SGOT—84 IU fi. 
and serum amylase—640 ITUA. An ultrasonic scan taken 
three days after admission revealed a large cyst below the 
liver (Fig. 2). 

A diagnosis was made of a choledochal cyst. 

At laparotomy the diagnosis was confirmed. A choledo- 
chacyst-duodenostomy was performed, the anastomosis 
being carried out at the junction of the first and second parts 
of the duodenum. 

‘The patient made an excellent post-operative recovery and 
her pregnancy progressed uneventfully. 


COMMENT 
Since the initial description in 1724 by Vater 
(Lavenson, 1909) more than 400 cases (Alonso-Lej 


et al, 1959) of choledochal cyst have been de- 
scribed. The majority are diagnosed in childhood 


and 80 per cent in females. They are commoner in 
Japanese (Lichtman, 1953). In pregnancy as the ab- 
domen is distended by the enlarging uterus a cyst 
may become difficult to palpate, as in our second 
case. 

Obstructive jaundice in pregnancy is most usually 
due to an intrahepatic cholestatis or gall-stones 
(Sherlock, 1968). An ultrasonic scan will demon- 


strate a choledochal cyst and will distinguish between 
these two common causes, by the identification in 
gall-stone jaundice of the dilated bile-ducts and 
perhaps a distended gall-bladder with gall-stones 
(Taylor et aL, 1974). In pregnancy this dilatation 
may be greater than usual, presumably because of 
the influence of the pregnancy hormone, relaxin. 
This effect was observed in a further patient, age 
30 years, pregnant and with obstructive jaundice. 
The cause was an impacted common duct stone. 
The common duct was grossly dilated, measuring 
2 cm in the antero-posterior diameter and 6 cm 
coronally. The dilatation was demonstrated with 
ultrasound and at surgery. 

Because of the desire to minimize X-ray irradia- 
tion in pregnancy, ultrasonic scans are suggested as 
the initial radiological examination in the pregnant 
woman with obstructive jaundice. In all patients with 
a suspected choledochal cyst, ultrasonic scans should 
be made. There may be more than one cyst, or there 
may be associated cystic disease of the liver (Roth- 
man, 1965). 


REFERENCES 

ALONSO-Lxz], F., Rever, W. B., and Pessacno, D. J., 1989. 
Congenital choledochal cyst. Jnternational Abstracts of 
Surgery, 108, 1-30, 

CHESTERMAN, J. 'T., 1944. Choledochus cyst complicating 
pregnancy and the puerperium. Journal of Obstetrics and 
Gynaecology af the British Empire, 51, 572-518. 

FLEMING, R. J., 1947. Cyst of the common bile duct in a 
case of pregnancy of eight months causing pyloric ob- 
struction, South African Medical Journal, 21, 778—782. 

Lavenson, R. S., 1909. Cysts of the common bile duct. 
American Journal of Medical Sciences, 137, 563—570. 

LicHTMAN, S, 5., 1953. Diseases of the liver gall bladder and 
bile ducts, p 1246 (Kimpton, London). 

ROTHMAN, M. M., 1965, Gastroenterology, edited by Bochus, 
vol. 3, p. 600 (H. L. Saunders, London). 

SHERLOCK, 5., 1968. Diseases of the liver and biliary system, 
3rd ed., p. 550 (Blackwell, Oxford). 

‘TAYLOR, K. LW., CARPENTER, D. A., McCreapy, V. R., 
1974. Ultrasound and scintigraphy in the differential 
diagnosis of obstructive jaundice. Journal of Clinical 
Ultrasound, 2, 105-116. 


annnm aa aaa anmannan ranama € —————— 


426 


1976, British Journal of Radiology, 49, 427—429 


Mav 1976 


The limitations of 'in™ for plasma volume measurement 


By R. Wootton, Ph.D. 


Radioisotopes Division, Clinical Research Centre, Watford Road, Harrow, Middlesex HA1 3UJ 


(Received November, 1975) 


ABSTRACT 

Previous authors have claimed that !!?In"Cls is a valid 
tracer for plasma volume measurement, However, careful 
measurements in haematologically normal volunteers and in 
rabbits, using !?*I-labelled human serum albumin as a 
reference tracer, show that the results obtained with 
H3]nm.chloride, -citrate or -transferrin consistently over- 
estimate the plasma volume and are probably no better than 
can be predicted from the height and weight of the subject. 
Measurement of the circulating plasma volume using 
the indicator dilution principle entails measurement 
of the initial volume of distribution of one of the 
plasma proteins, usually albumin, which has been 
labelled with a suitable indicator. Early studies 
utilized dyes, notably T~1824 (Evans Blue) as in-vivo 
protein labels, but for practical reasons these have 
been largely superseded by 13- or 1?5[.]abelled 
proteins, in which the label 1s firmly incorporated 
into the protein molecule before injection. Recent 
revival of interest in the technique of radiocardi- 
ography for the measurement of cardiac output and 
related parameters (Veall et al, 1954) has led a 
number of workers to explore the use of the short- 
lived radionuclide !!?In as a tracer for this purpose 
and incidentally as a plasma volume tracer (Hosain 
et al., 1969; Wochner et al, 1970; Parker et al., 
1974). These authors have concluded that !!3Inm, 
injected as chloride in acid solution, binds quantita- 
tively to circulating transferrin and provide a valid 
tracer for the measurement of plasma volume (except 
in those subjects in whom the serum iron-binding 
capacity 1s impaired) simply because there is a 
statistically significant correlation between the 
results of !!?In* measurements and those utilizing 
radioiodinated albumin (RISA). However, inspection 
of the published data suggests that plasma volume 
measured with }/2[n™Cls is less accurate than would 
be expected for a measurement which is potentially 
capable of a high degree of precision (Davies, 1971). 

This paper describes the comparison of H3InmCl, 
with !?9]-labelled albumin as a tracer for plasma 
volume and some further studies made with !!3Inm 
citrate as an alternative indicator. 


METHODS 
All estimations of plasma volume were carried out 
using !?9].]abelled albumin (!?5I-HSA) as the 
reference tracer. H?In*Cly was injected simul- 
taneously in eight volunteers, !?Inm citrate in 14, 


4 


and li?Inm.transferrin in a further two. Plasma 
volume was also measured in two rabbits using 
125|]- HS A, 118In™- transferrin and 59Fe-transferrin. 


Measurements in human subjects 

1 pCi |5I-HSA (Radiochemical Centre, Amer- 
sham, Code: IM 17P) and 20 pCi of the H?In9 tracer 
were mixed, drawn up into a disposable syringe and 
injected intravenously over a period of about a 
minute as recommended by Hosain et al. (1969). 
H3InmCls was obtained by elution from a generator 
(RCC, Code: TFC 3) with 0-05 mol/HC1. t4I nm 
citrate was prepared from H?InmCls by buffering 
with 5 per cent sodium citrate (B.P.) to give a 
solution of about pH 6-0. H?[nm.transferrin was 
prepared by adding !?In* C15 toa 100 ug/ml. solution 
of transferrin (Behringwerke AG, Germany) in 5 per 
cent sodium citrate (B.P.). Counting standards of the” 
injected doses were made by 1:500 dilutions of 
aliquots of the injected doses in 1 per cent protein 
iodide or a trivalent cation (Cr***) as carrier. 

Blood was taken without stasis from an antecubital 
vein in the arm opposite to that used for injection. 
10 ml. samples were obtained at 10, 15 and 20 minutes 
post-injection. Radioactivity was measured in 
heparinized plasma using a scintillation counter with 
a 7-5x7:5 em well-type sodium iodide crystal 
(LKB-Wallac 1280). A combination of differential 
decay and y-spectrometry was used to separate the 
various radionuclides. All measurements of radio- 
activity were made to a precision (coefficient. of 
variation) of 1-5 per cent or less, after corrections 
had been made for cross interference, background 
and decay (Veall, 1971). Plasma volume was cal- 
culated from measurements of radioactivity extra- 
polated to zero time. 


Measurements in rabbits 

1 aCi !?5]-HSA, 20 pCi 13In™-transferrin and 
2 u Ci 99Fe-transferrin were injected simultaneously 
into the ear vein of an anaesthetized rabbit. 59Fe- 
transferrin was prepared by adding 5?Fe citrate 
(RCC, Code: IFS 2P) to a 100 ug/ml. solution of 
transferrin in sodium citrate. 1 ml. blood samples 
were taken from a femoral artery at frequent inter- 
vals up to 120 minutes post-injection. Radioactivity 


7 


VoL. 49, No. 581 


R. Wootton 


TABLE I 
ESTIMATES OF PLASMA VOLUME WITH !!?[n ™ TRACERS AS PERCENTAGE OF VALUE OBTAINED WITH RISA 





IAM cere be 








i 

| . | Hosain et al., Wochner et al., Parker et al., 
| Study 1969 1970 1974 Present work Present work 
| Tracer H3]InmQCl Hi3]gmCl, H13]gmCls H3InmCl, 113[n?! citrate 
| Number of subjects 8 40 

Mean 104-6 105 ? 115 

Range 96:3-113 88-128* ? 107-122 

Correlation 
| coefficient | 0-69 ? 0-79 0-96 

p | 0:05 «p « 0-10 ? 0-01 «p «0-02 p «0:001 p<0-001 


T 
i 


DENNIS NRI tt 


* Estimated from published scattergram. 


was measured in both heparinized blood and 
heparinized plasma as before. 


RESULTS 
Table I presents a summary of the results 
obtained in the present work and a comparison with 
the published data of other workers. 


1123 Ff, m7 

In" CL, un" 

The correlation between measurements of plasma 
volume with !?Inm(Cl. and those with 1251-HSA 


studied, but there was a consistent over-estimate of 
plasma volume with ?3InmCls The equation of 
regression was: y —1-29x —0-49, 


H3 y. citrate 

The correlation between measurements of plasma 
volume with !!?In" citrate and those with 1?25]-HSA 
was also good (r—0-95, p< « 0-001) in the 14 sub- 
jects studied, but the equation of regression was: 
y 0: 79x -- 0-76. 


iis I gn? -Iran $ f erri" 

There was no better agreement between plasma 
volumes measured with 13[n™-transferrin and 
125]-H SA in the two subjects studied: values were 
3:91 and 3-76 |. in one, and 3:33 and 2-96 I. in the 
other respectively. 


Rabbit studies 

In the two experiments in rabbits there was good 
agreement between plasma volume measured with 
59Fe-transferrin and 1°5]-HSA, but poor agreement 
with that measured with !?Inm.transferrin. Figure 1 
shows the rate of disappearance of these tracers 
from the plasma. The 20-minute delay in equilibra- 
tion was attributed to poor mixing caused by 
administration. of the anaesthetic. There was no 
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Plasma disappearance of !??[-albumin (8), °*Fe-transferrin 
(A) and !?In?-transferrin (Wl) after intravenous injection 
in the rabbit. 


TABLE II 


INITIAL VOLUMES OF DISTRIBUTION OF THREE INDICATORS IN 

THE RABBIT. VOLUME ESTIMATED FROM MEASUREMENTS OF 

RADIOACTIVITY IN PLASMA* AND IN BLOODT AFTER CORRECTION 
FOR VENOUS HAEMATOCRIT 








Initial volume 






Initial volume 





Índicator of distribution of distribution 
(ml.)* (rl.)t 
129] -albumin 140 142 












151 
191 


142 
188 


?9Fe-transferrin 
113In'-transferrin 





difference between plasma volume estimated from 
the radioactivity measured in plasma samples and 
that derived from radioactivity in blood and the 
observed venous haematocrit (Table IT). 
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DISCUSSION 

Our measurements of plasma volume in human 
subjects with !!4In™ tracers confirm their consistent 
overestimate of plasma volume in comparison with 
*]-albumin. There was a substantial overestimate of 
plasma volume, whether !!1?In was administered as 
li3]nm(C]s li3]n citrate or as I ?In"-transferrin, 
implying rapid removal of some of the tracer from 
the plasma before complete mixing had occurred. 
The results of our experiments are consistent with 
an initial rapid release of H?In* from transferrin— 
followed, presumably, by the formation and sub- 
sequent phagocytosis of colloidal H3Inm(OH)s—and 
this is confirmed by the experiments in rabbits. An 
alternative possibility might be rapid uptake of 
113]nm by red blood cells, but this can be discounted 
since there was no difference between plasma volume 
measured with rabbit plasma, and that measured with 
rabbit blood and corrected for venous haematocrit. 

That H3Įn™ citrate gives better results than 
H3InmCls may be explained by the complexing action 
of the citrate preventing the formation of colloidal 
hydroxide, while the more physiological pH pro- 
motes binding to transferrin. 

In conclusion, it is clear that 112In™ is not a 
satisfactory substitute for *I-albumin if an accurate 
measure of plasma volume is required. The correla- 
tion between the H3Įn™ results and those obtained 
with RISA in the present work is substantially better 
than that obtained by previous authors. Even so, the 
plasma volume estimates we obtain in haemato- 


4 


logically normal people are only marginally better 
than can be predicted much more simply from the 
height and weight of the patient (Davies, 1971; 
Hurley, 1975). 
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ABSTRACT 

A retrospective study has been made of 15 patients who 
had developed severe complications to the bladder, rectum 
and ureters after radiation therapy for carcinoma of the 
cervix. Comprehensive dose distributions in the pelvis were 
calculated with computer assistance to visualize how the 
normal organs had been irradiated. The risk of normal 
tissue injury was analysed graphically with respect to the 
maximum radium dose, dose-rate and irradiation time. 

The two groups of data representing the injured and 
Bon-injured organs separate much better in a dose-rate 
versus dose plot than in a conventional Strandqvist type 
dose-time plot, This implies that in radium therapy, the 
dose-rate, rather than the treatment time, is the important 
parameter in modifving the risk of normal tissue injury. 
Our results show a good separation of injured from non- 
ingured cases only when the maximum values of dose and 
dose-rate were used. This suggests that clinically significant 
muyury may develop from relatively small regions of high 
dose and dose-rate, Since the dose-rate varies from point to 
point in the pelvis (unlike treatment time), comprehensive 
determunations of dose-rate distributions are required in 
order to locate the sites of potential injuries. 


For many years Paterson's isoeffect curve (Paterson, 
1963), constructed on the basis of clinical experi- 
ence with radium treatment of cancer of the tongue 
and floor of mouth, has been widelv used to relate 
the biological equivalent dose for different treatment 
times in radium therapy for cancer of the uterine 
cervix. Although there are several studies of radia- 


tion injuries connected with radium therapy for 
cervical carcinoma (Paterson, 1963; Gray and Kott- 
mer, 1957; Strockbine et al, 1970; Corscaden 
et al., 1938, Chau et al, 1962; Kottmeier and Gray, 
1961; Fletcher et al., 1958; Suit et al., 1971; Joelsson 
1970; Koeck and Hillsinger, 1971; Castro et al., 
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*Reprint requests to: A. R. Kagan, M.D., Department of 
Radiotherapy, 1510 North Edgemont Street, Los Angeles, 
California 90027, 

t Also affiliated to Radiation Oncology Units, Cancer Center 
of Hawaii. 


1970; Fletcher et al., 1966; Tod, 1947), only scattered 
data have been published that relate dose, dose-rate 
and treatment time to injury. There are no analyses, 
however, in which a clear distinction is made be- 
tween dose-rate and overall treatment time in pro- 
ducing injuries by radium therapy. | 

In this investigation, we carried out a retrospec- 
tive analysis of a small sample of radiation injury 
cases to study how the radium dose and treatment 
time, and also the radium dose and dose-rate, in- 
teract to produce injury to the bladder, rectum and 
ureters following intracavitary radium treatment for 
cervical carcinoma. 


MATERIALS AND METHODS 

The orthogonal radiographs (antero-posterior 
and lateral views of the radium applicator in the 
pelvis) and clinical records of 15 patients who had 
developed severe complications following radio- 
therapy for cervical carcinoma were obtained for 
dosimetric analysis. Table I summarizes the types 
of radiation. injury each patient had sustained. 
Injury to the bladder, rectum and ureters were 
analvsed with respect to the radiation distribution 
in these organs. For each patient, a computer was 
used to calculate in detail the three-dimensional 
distribution of the radium dose in the pelvis. Isodose 
contours were calculated in planes cutting through 
the posterior bladder wall, the ureters, and the 
anterior rectal wall. The purpose of these isodose 
plots was to look for the maximum radium dose re- 
ceived by each of the above organs in three-dimen- 
sional space. Also, characteristics of the radiation 
intensity near the organs could be quantified by cal- 
culating the dose gradient. 

The dose distribution in a given plane was mapped 
on the computer output as an array of letters of the 
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TABLE I 
OUTLINE OF THE TREATMENT PLANS AND COMPLICATION FOR THE 15 PATIENTS 
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Legends: -+ —injury; 0— no injury. 


alphabets; each letter represented a certain dose- 
curve was then drawn manually by tracing a smooth 
line through the identical letters. A complete isodose 
plot was done when all groups of identical letters in 
the array had been replaced by contour lines. Finally, 
shapes of the bladder, rectum, and ureters, along 
with the pelvic bone structures and the radium 
applicators as shown in the radiographs, were traced 
onto the isodose plots. T'he purpose was to illustrate 
how different organs in the pelvis were irradiated by 
the intracavitary radium. One complete set of such 
isodose plots 1s shown in Fig. 1. 

The maximum radiation. dose received. by an 
organ from the radium sources was calculated by the 
product of the maximum radium dose-rate at the 
organ and the radium implant time. Since radium 
treatments are usually given in two sessions, the 
dose-rates used in the two treatments may not be 
the same. Therefore, the overall radium dose-rate 
at an organ was calculated as an average weighted 
dose-rate; the weighting factor was the irradiation 
time for each treatment. The dose-rate gradient at 
the site of interest was calculated as the increase 
in dose-rate from the site of interest to the next 
higher isodose curve divided by the separation dis- 
tance. 

Using the above methods of calculation, the 
maximum radium dose, dose-rate and dose-rate 
gradient for the bladder, rectum and ureters were 
calculated for all 15 patients. The calculation results 
are tabulated in Tables II, IIl and IV. 


Complications 
Ureters Bladder Rectum 

T 0 0 
-+ 0 0 
-4 -i~ 0 
" + Ü 
s 0 0 
- F 0 

: 0 


nl 


DATA ANALYSIS 

Data tabulated in Tables II, III and IV, were 
used to correlate injuries to the bladder, rectum and” 
ureters with the radium dose, dose-rate and treat- 
ment time. We emphasize that all patients included 
in this study have sustained injuries to one or, at the 
most, two of the three organs. The bladders, rec- 
tums and ureters in these 15 patients were classified 
into two groups, injured and non-injured. Maximum 
radium doses received by the injured bladders, 
rectums and ureters of the 15 patients were com- 
pared with the maximum radium doses received by 
the non-injured bladders, rectums and ureters in the 
same group of patients. This analytic method thus 
circumvents the need for a controlled group of 
patients with no injuries. Moreover, the variability in 
the biological response was probably minimized by 
using one group of patients for both the injured and 
non-injured organs. 


Dost- TIME RELATIONSHIPS 

In Fig. 2, the maximum radium dose received by 
each organ is plotted against the treatment time. 
The bladder, rectum and part of the ureters were 
shielded by lead blocks during external beam treat- 
ments. The ensuing data analyses were therefore 
carried out with respect to radium-dose distribution 
only, assuming insignificant contribution to the total 
dose by external beam treatments. The radium dose- 
time combination that produced no notjcéable dam- 
age to the normal organs is denoted by the symbols 
[| for the bladder, © for the ureters, and A for the 
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CASE 14 (3/4/66) PLANE D 


CASE 14 (31/4/66) PLANE C 





Fic. 14 
Composite isodose plot of dose-rate for Case 14. Sagittal planes shown on A. 
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Fic. 1B. 
Composite isodose plot of dose-rate for Case 14. Frontal planes shown on E. 


TABLE II 
SUMMARY OF THE URETERS DOSIMETRY 











Max Ra Time Ra dose-rate Ra dose-rate External beam Radium 
dose (rad) (h) (rad/h) Grad (rad/h/cm) dose (rad) (mg-h) 
m We | sm 
4,200 1500 | 500 |. 
5,200 5,200 8,400 
iam ‘i 
5,300 0 6,900 
8,500 3,300 6,000 
7 9,600 3,500 11,440 
8* 9,600 4,000 
9 1,800 0 
10 3,000 4,000 
11 5,300 4,000 
12 4,500 3,000 
13 3,000 3,000 
14 2,800 0 
15 5,400 3,100 


*Injury developed. 


rectum. The dose-time combination that resulted in 
injury to an organ is denoted by a ( X ) superimposed 
on top of the symbol for the corresponding non- 
injured organ. 

The dashed line drawn through the data points in 
Fig. 2 is one that best separates the two groups, 
injured and non-injured—best in the sense that the 








line minimizes the number of injured data points 
in the no-injury region, and vice versa. The good- 
ness of separation technique (Kagan ef a/., 1973) 
was used to calculate the Strandqvist curve that 
best separates the injured group front the non- 
injured. The optimum Strandqvist curve so construc- 
ted is represented by the equation D — DoT ^92, where 
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Fic, 2. 





Á a Separation of the injured and non-injured organs in a 
Strandqvist plot. The symbol [ |-bladder, /- rectum, 
A and (O--ureters. A symbol with a ( X) superimposed on top 
of it represents injury to the organ. 
0 i 
9 
É 
i D is the total dose, Do is an equivalent single dose, 
and Tis the overall treatment time. 
a^ | To compare the result of this small sample study 
ssj Mí with that of other investigators, the radium treat- 
E am ment protocols used. in Stockholm, Manchester and 
= ‘ ! p; i Houston, which collectively represent a great deal of 
n -7-7 D clinical experience, were superimposed onto the pre- 
23 T x OR x^ sent dose-time data as shown in Fig. 2. The upper 
" x curve was constructed by Paterson (1963) based on 
x his clinical experience with radium treatment of tu- 
, na mours of the oral cavity in Manchester. Interestingly, 
X ZY the Paterson curve appears to represent reasonably 
A well the data that we have obtained by the analysis 


of injuries to the bladder, rectum and ureters. 

The two vertical bars in the lower left portion of 
| Fig. 2 are the dose-time protocols used at the 
2» 36 k a d. Jo A 9b wx P ^ 2200 Radiumhemmet in Stockholm, and the vertical bar 
" RADIUM TREATMENT TIME (HRS.) in the upper right portion of the figure is the 





TABLE IH 
SUMMARY OF THE BLADDER DOSIMETRY 
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; | Max Ra Ra dose rate Ra dose-rate External beam Radium 






































| Case | dose (rad) (rad/h) grad (rad/h/cem) dose (rad) (mg-h) 
|od | a | 86 | 35 |  : 7G (003800 (0 8990 
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TABLE IV 
SUMMARY OF THE RECTUM DOSIMETRY 
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dose (rad) (rad/h) 
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Ra dose-rate 


Radium 
(mg-h) 


External beam 
dose (rad) 


Ra dose-rate 
Grad (rad/h/cm) 
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Separation of the injured and non-injured organs in the 
dose and dose-rate plot. The symbols, [| bladder, A= 
rectum, OQ —ureters. A symbol with a ( X ) superimposed on 
top of it represents injury to the organ. 
P —Paterson's dose—dose-rate curve. 
S = Stockholm techniques. 
H — Houston techniques. 





corresponding dose-time relationship to the bladder 
commonly seen when using the Fletcher technique 
for cervical radium treatment. It is interesting to 
note that the optimum dose-time relationship im- 
plied by the four sets of data as shown in Fig. 2, 
all he roughly in the belt that separates the injured 
and the non-injured groups in our small sample 
study. 

Nevertheless, although it is gratifving that the pro- 
tocols used in Manchester, Stockholm and Houston, 
are close to the best separation line drawn on the 
basis of a small sample of clinical data, the two sets 
of data points representing the injured and non- 
injured organs are poorly separated on the dose-time 
plot. 


DosE-RATE EFFECT 

To investigate how dose-rate affects normal tissue 
damage in radium therapy, the maximum radium 
dose and dose-rate data in Tables II, III and IV 
are plotted in Fig. 3. 

Distribution of the data points in Fig. 3 shows 
that the incidence of normal tissue injury 1s small 
when not more than 4,500 rad are given and the dose 
rates are below 60 rad/hour (1 rad/minute). This 
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region of minimum injury risk is shown as a rec- 
tangular block in the figure. When the treatment 
régimes lie outside this block, the incidence of injury 
increases dramatically. 

The upper line in Fig. 3 is Paterson's isoetfect 
curve plotted in a log dose-rate versus log dose plane. 
The bottom line drawn through the data points is 
one that best separates the injured and non-injured 
groups in the dose-rate versus dose plot. This line, 
constructed with the goodness of separation tech- 
nique (Kagan et al., 1973), has a —0-4 slope on a log 
dose-rate versus log dose plot. 

The two bars near the bottom of Fig. 3 are the 
dose and dose-rate protocols for the bladder and rec- 
tum utilized by the Stockholm technique, and the 
upper bar is the corresponding Houston technique 
for treating carcinoma of the cervix. 

The relatively good separation of the two groups 
of data points in Fig. 3 is in sharp contrast to the 
poor separation in the dose-time plots of Fig. 2. 
This is particularly striking since the same set of 
data are used to plot Figs. 2 and 3. 

This drastic improvement in the goodness of 
separation 1n a dose versus dose-rate plot, as com- 
"pared to that in a dose-time plot, suggest dose-rate 
is a more important factor than the overall irradia- 
tion time in analysing tissue injury. It follows that 
the conventional Strandqvist dose-time plot is not as 
useful as the dose versus dose-rate plot for planning 
the optimum treatment strategy for radium therapy, 


DiscussiON OF RESULTS 

The most important result of this small sample 
study is the discovery that the dose-rate versus dose 
plot gives rise to a much better separation of the 
injured and non-injured data points than a Strandq- 
vist type dose-time plot. The superiority of dose-rate 
analysis is dramatically illustrated even with the 
present small sample of injury data. This implies 
that dose-rate is a more important parameter than 
the overall treatment time in analysing the risk of 
normal tissue injury. This result is consistent with 
clinical experience and radiation biology experi- 
ments. For example: the nominal standard dose 
(NSD) concept of Ellis (1968) which places less em- 
phasis on treatment time (7) than fractionation 
number (N), Le. T versus IN^?4, 

The low incidence of injury at dose-rates less 
than 60 rad/hour is compatible with the survival 
characteristics of Hela cells irradiated in culture 
(Hall, 1972). Below 60 rad/hour, the amount of cell 
killing depends on the total dose; the dose-rate 
shows little modifying effect on the cell survival for 
a given dose. Similarly the dose-rate effect on nor- 





mal tissue injury is negligible below 60 rad/hour 
as shown in Fig. 3. When the radiation dose required 
to reduce a population of Hela cells to 10 per cent of 
its original number (10 per cent survival dose) is 
plotted against the dose-rate in a log dose versus 
log dose-rate plane, a line having a slope of —0-5 
results (Hall, 1972), representing the decrease of the 
10 per cent survival dose with increasing dose-rate. 
The slope of the line as constructed from radiation 
biology data appears similar to the line that separates 
the injury and non-injury groups of data points 
shown in Fig. 3. Although we are comparing véry 
different data the similarities in dose-rate depen- 
dence suggest that cell lethality depends on dose- 
rate in a very similar fashion whether the cell is in 
the rectum, bladder, ureter, the head and neck, or is 
in an established cell line zn citro. 

Paterson's curve, Fig. 3, shows fair agreement 
with the optimum treatment regimens implied by 
our analysis and with that of the Houston technique 
in the dose-rate region of about 30 to 60 rad/hour. 
However, a recent report by Awwad et al. (1974) 
showed that recurrence tended to occur at treatment 
times below 72 hours when the total dose was re- 
duced in accordance with Paterson’s curve. Their 
work is consistent with ours in suggesting that the 
overall treatment time is not the important factor in 
modifving the effects of dose. Our work suggests 
rather that the local dose-rate is the important para- 
meter. Although the average dose-rate does increase 
as the overall treatment time decreases, the local 
maximum dose-rates to tumour and to normal tis- 
sues may change in quite different ways depending on 
the details of the treatment procedure. Moreover, 
since dose-rate effects are strong only within the 
range of about 1 rad/minute to 100 rad/minute (Hall, 
1972), as dose-rates to the tumours approach the 
upper limit and dose-rates to the normal tissues 
approach the lower limit of this range we may ex- 
pect to find that dose-rate overall or treatment time 
are unimportant as dose modifying factors. In ra- 
dium therapy as commonly applied, however, dose- 
rates tend to fall in the region where dose-rate 
effects are important and must be considered in 
treatment planning. 

Finally, we want to emphasize that in our analy- 
sis of normal tissue injury, the stated dose is the 
maximum dose calculated to the organ by computer. 
When we examined the patient records, we found 
good correspondence between the site of injury and 
the site of high dose and dose-rate. In some cases, 
high dose and dose-rate were limited to only a small 
area in the affected organ. This is not unexpected 
since the isodose plots show that regions of high 
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dose-rate are invariably accompanied by a steep 
dose-rate gradient. What is surprising is that the 
probability of normal tissue injury is high even 
when high dose and dose-rate are confined to rela- 
tively small “hot spots" in the affected organs. 

An analysis of 50 documented cases of radiation 
injury in Stockholm (Joelsson, 1970) is shown in 
Figs. 4, 5, 6, and 7. As can be seen, separation lines 
on either the dose-time or dose versus dose-rate plots 
poorly separate the two sets of points represent- 
ing injured and non-injured organs, respectively. 
This discrepancy with our results is disappointing. 
A possible reason for this discrepancy is as follows. 
Dosimetry for the 50 cases in Stockholm had been 
obtained from direct ionization chamber measure- 
ment in the bladder and rectum. Computer-assisted 


Fic. 4. 


The injured and non-injured dose-time combinations in the 
1958-59 series of patients in Stockholm are poorly separated. 
The symbol, ©, represents the no-injury dose-time com- 
bination, while the symbol X represents the injury dose- 
time combination. 


BLADDER 





TIME IHR.) 


The injured and non-injured dose-time combinations in the 1962-66 series of patients in Stockholm are just as poorly 
no-injurv dose-time combination, and x —injury dose-time combination. 


separated as the 1958-59 series; 


om 
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Fic. 6. 
The dose and dose-rate combinations for the 1962—66 series of patients in Stockholm. There is no obvious separation 


between the two groups; © 


dosimetry shows that in a region of high-dose-rate 
there is always a steep dose-rate gradient. If the 
reported chamber measurements are average values 
over a relatively large region of measurement— 
a common practice—the reported dose and dose-rate 
are not the maximum values to the affected organs. 
Our results show a good separation of injured from 
non-injured cases only when the maximum values of 
dose and dose-rate are used. The contrast between 
the Stockholm and our series of data points out that 
in injury analysis the important parameters are the 
maximum dose and dose-rate, This implies that re- 
gions of high dose and dose-rate can develop to 
clinically significant injury. It has been reported in 
the literature that the dose-rate gradient in the 
treatment volume should be carefully evaluated in 
radium treatment planning as the cure rate can be 
significantly influenced by the steepness of the 
dese-rate gradient in the target volume (Awwad, 
et al, 1974)., 

Given these recent clinical and radiation biology 
data, it appears that radium treatment plans should 


= no injury and X - injury. 


be based on dose-rate and dose-rate gradient rather 
than the overall treatment time. The similarity in 
the optimum dose dose-rate relationships for mini- 
mizing injury to normal tissues in the pelvis and in 
the head and neck regions brings up the possibility 
that in all cases we may be dealing with injury to a 
common tissue type. We postulate that this tissue 
type 1s the connective tissue which apparently res- 
ponds more or less with the same sensitivity to radia- 
tion regardless of its site. 

The demonstration that the dose-rate rather than 
the overall treatment time is the important parame- 
ter in estimating the risk of injury for a given 
radium dose makes it necessary to obtain accurate 
data on the dose-rate distributions within the 
patient. Since the dose-rate changes from point to 
point in the treatment volume (unlike the overall 
treatment time which remains constant), comprehen- 
sive calculation of the dose-rate distribution by 
computer may be necessary in order to detect poten- 
tial sites of injury. However, we must bear in mind 
that the resulting dose distribution is meaningful 
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Fic. 7. 
Display of the injured and non-injured dose and dose-rate combinations for the 1958—59 series of patients in Stockholm. 


PN 


There is also no obvious separation between the injured and non-injured groups; Ono injury, X —injury. 


only if every step in taking the radiographs and ex- 
tracting information from them for computer cal- 
culations are carefully controlled. 


SUMMARY 

Dose-rate rather than overall treatment time is the 
important parameter in modifying the effect of dose 
in radium therapy. It should be stressed more than 
the overall treatment time in estimating the risk of 
normal tissue damage. Relatively small “hot spots"— 
regions of high dose and dose-rate—can become the 
foci of clinically significant radiation injury. These 
results imply that comprehensive calculations of 
the dose-rate distribution, as 1s possible with com- 
puter assistance, are necessary in order to identify 
potential sites of injury. 
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Book review 


Fast Processes in Radiation Chemistry and Biologv. Edited by 
Gray, Fielden and [Michael, pp. 381, 1975 (Institute of 
Physics, John Wiley & Sons), £11-50. 

This is the proceedings of the 5th L. H. Gray Conference 
held at the University of Sussex in September 1973. The 
central theme, which is the title of the book, brought to- 
gether a distinguished group of chemists, physicists and 
biologists who have been using, and perfecting, analytical 
methods of studying fast, and some very fast, reactions. The 
first section assembles the papers on techniques—apparatus 
for generating picosecond pulses of electrons or of light, 
wavs of bringing ESR measurements, normally a slow 
technique, into the microsecond range and of using con- 
ductivity as an indicator in following pulse radiolysis experi- 
ments where charged species are involved. The second chap- 
ter deals with the applications of these methods in general 
chemistry, the third in biochemistry. Chapter 4 is devoted to 
fast reactions involving nucleic acids, and Chapter 5 to work 
with enzymes and proteins. The sixth and final chapter re- 
ports experiments involving whole cells. The picosecond 
experiments—-both with single electron bunches and with 
laser flashes—are verv impressive, if somewhat restricted in 
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carcinoma of the intact uterine cervix treated with 
3,000 rads or more whole pelvis irradiation. American 
Journal of Roentgenology, Radiation Therapy and Nuclear 
Medicine, 108, 293—304. 

Surm, H., Brown, D. B., Wiruers, H. R., and THOMPSON, 
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Proceedings of a Conference Held in New York, City May 
6-8, 1971, edited by H. Simon, pp. 230—243, 
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the svstems they can examine. Of great interest is the 
imaginative way in which fast processes in micelles and 
membranes are now being studied by means of fluorescent 
probes incorporated into their structure. Another field which 
is opening up 1s the identification of the residues in the 
active sites in enzymes by using the secondary radicals for- 
med by pulse radiolysis of an appropriate solute as probes 
which react selectively with particular amino acids. Super- 
oxide dismutase is a particularly interesting enzyme since 
its substrate, Oz, can be produced virtually instantaneously 
in any desired concentration by an electron pulse to the 
enzyme solution and the kinetics of the enzyme-substrate 
reaction followed in detail, The three papers on intact cells 
(spores and bacteria) illustrate the relevance of the fast 
chemistry discussed in earlier chapters to the ultimate 
radiation damage observed. 

This collection of papers from a small conference with a 
limited topic should retain its value and interest much 
longer than the proceedings of most large international 
meetings. 

J. W. Boac. 
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ABSTRACT 

A mathematical model is developed to allow derivation of 
optimal treatment schedules for the radiotherapy of ex- 
ponentially-growing tumours. Preliminary calculations bas- 
ed on available data suggest that optimal schedules would 
(in general) be more protracted than conventional schedules 
and might achieve a significantly better tumour cell kill 
without causing excessive damage to normal connective 
tissue. 

The model is too simple, and the data inadequate, for the 
conclusions reached to be used as a guide to clinical prac- 
tice at present. However, the analvsis can be extended to 
more realistic models which may be of clinical benefit when 
the appropriate data can be obtained, 


Very little reliable information has been obtained on 
the radiobiology or growth kinetics of human tu- 
mours. Nevertheless, it is commonly assumed that 
when such information is obtained, the logical design 
of optimal treatment schedules, superior in effect to 
existing schedules, will become a real possibility. 
Indeed, this sometimes unspoken assumption pro- 
vides the motivation for much current research on 
radiobiology and on cell-population kinetics. 

There are some difficulties, however. [t 1s, in the 
first place, by no means guaranteed that ethically 
acceptable methods of characterizing particular 
human tumours will ever be found. Should such 
methods elude us permanently, there is no alterna- 
tive to empiricism in seeking better treatment 
schedules. 

Even if this obstacle can be overcome, the iden- 
tification of optimal schedules may not be a straight- 
forward matter, nor even a possibility. Industrial 
control processes provide many examples of optimi- 


zation problems which are beyond the capacity of 


mathematics and computer science at the present 
time. Might not biological optimization problems 
prove equally intractable? 

Finally, neither the availability of suitable data 
nor solution of the relevant mathematical problems 
provides any guarantee that the effort will have been 
worth while. Perhaps optimal schedules will turn 
out to be only marginally better than conventional 
schedules in current use. 


In this paper, which is the first of a series, we 
examine an approach to two of the three problems 
mentioned—-the derivation of optimal schedules 
from primary data, and the assessment of the 
clinical benefits which optimal schedules may be 
expected to provide. 

We introduce here a primary model which is 
used to derive optimal schedules for the particularly 
simple case of exponentially-growing tumours and 
draw on the small amount of data available to 
compute actual schedules and their effects for some 
hypothetical situations. The primary model and the 
derivation for exponentially-growing tumours pro^ 
vide the basic groundwork for the examination of 
more realistic situations. In subsequent papers we 
will extend the analysis to deal with Gompertzian 
tumour growth, variations in the growth fraction, 
the kinetics and radiobiology of oxygenated and 
hypoxic cells and the use of non-uniform treatment 
schedules. 

By examining a succession of increasingly realis- 
tic models, built up as a hierarchy with the primary 
model as its base, we hope to arrive at principles of 
optimal radiotherapy which may be of sufhcient 
generality to be clinically useful. As Fowler has 
commented: "We must hope that certain broad 
principles will emerge in order that we may deduce 
statistically better ways of treating cancer in certain 
sites without having to measure all the cell popula- 
tion parameters in each tumour individually" 
(Fowler, 1966). 

The hierarchal strategy mentioned above differs 
from the strategy of other workers who have ex- 
amined mathematical models of fractionated radio- 
therapy (Cohen, 1973; Fischer, 1971; Steward and 
Hahn, 1971; Hethcote and Waltman, 1973) in that 
the final results of optimal search at any level of the 
hierarchy define the starting position for optimal 
search at the next level. This should allow a rational 
approach to analytically intractable motels whose 
complexity might otherwise reduce optimal search 
to the simulation of tens of thousands of fractionation 
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patterns with random permutations of large num- 
bers of parameters—an approach scarcely better 
than empiricism. 

it must be emphasized very strongly that the 
optimal schedules which we derive in the present 
paper are essentially illustrations and are certainly 
not intended to justify radical departures from pre- 
sently-accepted clinical practice. Considerably more 
realistic models and very much better data will be 
necessary before clinical relevance can be claimed. 

Meantime, we hope the present analysis will prove 
instructive. 


ASSESSMENT OF RADIATION DAMAGE TO NORMAL 
Connective Tissue: THe CRE SYSTEM 

A logical prerequisite for consideration of optimal 
radiotherapy is some means of assessing radiation 
damage to the normal tissue or tissues whose radia- 
tion tolerance limits the number of fractions which 
can be safely given. Usually, though not invariably, 
normal connective tissue is the limiting tissue in 
clinical radiotherapy, and we confine attention to this 
TARE, 

The accumulation of biological radiation damage 
1o a composite tissue is a complex process for which 
empirical or semi-empirical descriptions constitute 
the best representations presently available (Ellis, 
1969: 1971; Liversage, 1971; Kirk et aL, 1971; 
Orton and Ellis, 1974). In this analysis we make use 
of the cumulative radiation effect (CRE) system of 
assessment which has been developed by Kirk et al. 
(1971) as an extension and a generalization of the 
nominal standard dose (NSD) concept proposed by 
Elis (1969; 1971). Though conceptually similar to 
the NSD, the CRE differ in that it can be applied to 
all subtolerance levels of radiation injury, not only 
at the point of tolerance. As will be seen, this feature 
of the CRE svstem provides the key to the extension 
of the present analysis to more realistic models. 

Consider, the simplest case, that of a uniform 
schedule of N fractions, each of d rad, each fraction 
(excluding the first) being administered on the ¢'® 
day after its immediate predecessor. On the CRE 
svstem for fractionated irradiation (Kirk et al., 197 1) 
a scalar index (Rr) of connective tissue dnas is 
defined and can be expressed as: 


Rex QNS, td - i : (1) 


where a and b are constants, found to have values 
of 0-65 and 0-11 respectively. This formula holds 
reasonably well for levels of damage up to and in- 
chiding ti8sue tolerance the A, value for which 
(although depending on a number of factors) is 
frequently found to be around 1800. 


Rearranging equation ü) we can write 
. {R | 
N= | 1) Sp... (2) 


which defines the (not-necessarily integer) number 
of fractions which must be given on the schedule 
concerned in order to reach the level of connective 
tissue damage indicated by the chosen Ry value. 

Of course, it is intuitively improbable that the 
complex processes of tissue damage and recovery 
can be adequately represented by a simple algebraic 
relationship between four scalar quantities (see 
Kirk 1976; Kirk et al, 1976). Indeed, it has re- 
cently been claimed that the NSD formula is inac- 
curate to a clinically significant extent (Berry et al., 
1974), though the experimental basis for this con- 

clusion has been questioned (Orr, 1974; Orton, 1975) 
and it is not supported by the observations of Tur- 
resson and Notter (1975). 

Probably, the NSD/CRE formulae are first-order 
scalar approximations to more complex multi- 
dimensional relationships. The inexact nature of the 
approximations will no doubt become apparent as 
more varied patterns of therapy are explored. This 
potential source of error must be borne in mind 
when unconventional schedules are under consider- 
ation. 

At present the NSD/CRE formulae are the best 
estimators of tissue damage that we have, and the 
CRE system will be used for this purpose through- 
out the paper. 


THE Primary MODEL FOR OPTIMAL RADIOTHERAPY 
OF EXPONENTIALLY GROWING ‘TUMOURS 

Consider now the radiation damage sustained by 
the tumour. Since the conscious aim of radiotherapy 
is the total elimination of all clonogenic tumour 
cells it seems reasonable to choose the clonogenic 
surviving fraction as a suitable index by which to 
assess radiation damage to the tumour, 

For a homogeneous population of clonogenic 
cells, the clonogenic surviving fraction (o) after 
administration of a single radiation dose of d rad 
can often be expressed as 


g-—]—(1-—e4/D»n , : . (3) 


where Dy and » are the mean lethal dose and the 
extrapolation number (respectively), parameters 
characteristic. of the survival curve for the cells 
concerned, and of the radiation quality employed 
(Elkind and Whitmore, 1967). This gives a survival 
curve with zero initial slope. Recent work indicating 
a non-zero initial slope may necessitate a more so- 
phisticated representation (see Alper, 1975). 
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Suppose now that clonogenic cells are instan- 
taneously killed (or sterilized) by each fraction of the 
radiation dose but that in the time between fractions 
the surviving clonogenic cells proliferate exponen- 
tially with doubling time 7 days, and hence with 





growth constant A= ae 2 (days)-!. 

T 

Consider a uniform schedule of fractionated ir- 
radiation, the first fraction being given on day zero, 
the second on day t, the third on day 2ż and so on, 
the Kt fraction being given on day (K~1)t. We 
introduce the following notation: let Qj, Q2... Ox 
be sizes of the cell population immediately before 
administration of the 1st, 2nd , , , K'® fraction respec- 
tively while Qi', Qo’... Ox’ are the corresponding 
cell population sizes immediately after the same 
fractions have been given. 

Then since the population is always attenuated by 
a factor ø whenever a fraction is given, but is 
always amplified by a factor e4t between successive 
fractions, we have the following set of relationships: 


Qi =00; 

Q»' —o05 get Qi —(oy? eat. Qi 

Qs —e soe! Qi — “(oF e20 
—(g)KeMK-DiQ, (4 


If the K'^ fraction happens to be the last one in the 
schedule then Ox is the final surviving fraction of 
clonogenic tumour cells and is the obvious figure of 
merit to consider when deriving optimal schedules. 

However, the asymmetry of K and (K-1) in the 
terms (o)& and e(K-Dt makes for mathematical 
difficulties which we can best circumvent by em- 
ploying a device referred to by Bellman (1957) as 
"approximation in policy space" £e. the optimization 
of some quantity which is approximately but not 
identically the same as the quantity whose optimi- 
zation is intended. In this case we deal not with 
Ox but with Ox’ z.e. the population size time t after 
the last fraction) which we shall now describe as Or 
the effective final clonogenic population at the end 
of treatment (see Fig. 1 for a clarification of the 
preceding discussion). ‘This makes for mathematical 
simplicity without materially affecting the end result. 

The fraction of clonogenic cells surviving the 
whole treatment schedule may then be expressed as 


( S | z(g).Ke^Bt & 9) 


Using equation (3) to substitute for o and equation 
(5) to substitute for K (now identified with N) 
we obtain 


Los ( Cell Number ) 


c "Traetmeat 
Schedule 





“Time 





o 


! Number of 


t 2t 
Fraction $ 
K 


i 2 3 
Fic. 1. 


Decline of tumour population with successive fractions. 


Qu Tr l | a) bya 
| A m | 1 ES (1 —eà/D yn | 
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which gives the final surviving fraction in terms of; 
(a) parameters (a, b, Ry) which refer to radiation 
damage to normal connective tissue; 
(b) parameters (n, Do, A) which refer to the radio- 
biological and kinetic properties of the tumour; 
(c) parameters (d, t) which define the treatment sche- 
dule given. 
We now seek optimal schedule parameters (d*, t*) 


such that the surviving fraction Qı ) is minimized. 
Ai 


Mathematically, this means that the equations 





9 [Q e 

< { x! dy 

et (5. A 
I—I* 

and 

Ó O; * ` 4 

— X pestis c : . N 

Od :) | i 
d-d” 
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and the inequalities 


E | 20 - (9) 
Í paar 1 * 

02.— {Oey | Y 

-0 (2) | »0 i . (10) 

Cd? VO, | | 
d opi d* 


are simultaneously satisfied. 


With | defined by equation (6) we can solve 


(S 
equations (7) and (8) to obtain 1* and d* which, 
provided these values also satisfy the inequalities 
(9) and (10) define the optimal treatment schedule 
which, for a given value of Rr gives the smallest 
possible surviving fraction. Though elementary 
in principle, this procedure involves some rather 
tedious algebra and we here state only the results— 
which can, of course, be verified directly. 

By partially differentiating equation (6) with res- 
pect to ¢ and equating the resultant expression to 
gero we find 


aa BEA an 
À(1--ajb) 

da L -(1—e-4/D ,"] | 

We Iba» T 2 

. (1-- ajb) co 


It must be noted at once that this relationship ts 
only physically meaningful if it asserts a real positive 
value of *, which is not the case for 4—1. The case 
of a "shoulder less" survival curve does indeed 
turn out to be rather special and we choose to ignore 
it in this first paper. An analysis of the "shoulder- 
less" survival curve will be presented in due course 
(Kirk and Wheldon, in preparation). 

Confining attention to the more common situation 
where z >I (£e. a “shouldered” survival curve), we 
can substitute f* into equation (12) from equation 
(11), differentiate equation (12) with respect to d, 


set to zero and so obtain the somewhat formidable 
equation 

Do gh n là == —(a--b) (1.8) 0n-1ud* Ti 
where 8—1--e-d*/De . (14) 
and — $-—1.-88 : i i ; . (15) 


Since equation (13) is not analytically soluble we 
must have recourse to numerical analysis using a 
digital computer, in order to evaluate d* and hence 
(by substitution back into equation (12)) obtain the 


optimal parameters (d*, t*) together. Using a New- 
ton- Raphson method of root location it was found 
ps for a ae range z values oF Do and # pus 


for A fixed "ind a n. The s is elore of 
the general form 


. (16) 


where F(n) is a pacer which must be evaluated 


numerically. 


The linear relationship (for fixed n) between 
d* and Dg complements the linear relationship 
between ¢* and T (for fixed s) which is asserted by 
equation (12). These two relationships allow us to 
draw families of straight lines which permit optimal 
parameters to be read off graphically. 

Two families of lines are depicted in Figs. 2 and 3 
and enable the identification of optimal E du >s for 
a range of values of n, Do and r. 


COMPARISON OF OPTIMAL AND CONVENTIONAL 
SCHEDULES 
Having derived a method for the identification of 
optimal schedules, it would be instructive to compare 
the effects of optimal and conventional schedules for 
some numerical cases. 


+ ` 
Í {days } 





| 
| 
iSO 
100 
so 
n= 
nei 
noi S 
OU 50 100 iSO 
T (days } 


Fic. 2. 


Relationship between the optimal time interval between 


fractions, t* (days), and the tumour doubling time, r (days), 
for various values of the extrapolation number, n. 
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As has been stressed previously, existing human 
data are inadequate to support reliable calculations 
at the present time. We shall, however, solely for 
illustrative purposes, consider a number of hypo- 
thetical examples, examining tumours with proper- 
ties thought to be "typical" as well as some more 
specialized examples. 

Survival curve parameters for human e lines 
vary Wie PONE ME "aye iR n==2 i 


tive of a em dumb of the di cell lines "udi 
have been examined (Whitmore and Till, 1964; 
Fowler, 1966; Elkind and Whitmore, 1967). 

Volume-doubling times present a problem in 
that they are seldom measurable when the tumour 
is microscopic, and values obtained for macro- 
scopic tumours are unlikely to hold for microscopic 
tumours, since tumour growth i is more often Gom- 
pertzian than purely exponential (Mendelsohn, 
1963; Laird, 1964; 1965; Steel and Lamerton, 
1966; Salmon, 1971; Bichel, 1971). This feature 
will be further considered mum 


# 
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Relationship between the optimal dose per fraction, d* 
(rad), and the mean lethal dose, Do (rad), for various values 
of the extrapolation number, n. 


Nevertheless, it is striking that many human 
tumours do seem to grow very slowly. “Pubiana 
reviewed a number of cases and concluded that the 
mean doubling time for a macroscopic primary 
carcinoma in man was around 70 days, though the 
range of variation was considerable (Tubiana, 
1971). 

Table I shows the ue of a senecuics 


of volume-doubling ee nes 10 to 130 dis T be 
cell-kill effect of the optimal schedules is given in 
Table II, which also shows the effect of a more con- 
ventional schedule (30 fractions of 200 rad given 
daily) for comparison. In each case, normal con- 
nective tissue tolerance (Ry 1800) was taken as the 
end point. 

The same results are expressed in a different 
way in Table III, which shows the number of 


TABLE I 
CHARACTE TERISTICS OF oe Se HEDULES FOR Tv MOURS 





inrita 


| 

Time T | 

Doubling | Dose/ between | Total no. | Total | 

time fraction | fractions of time | 

days rad days fractions | days | 

————————— Á ERREUR, ERRARE, emen eene 

10 350 4 16 58 | 

30 350 11 19 200 | 

50 350 18 21 380 | 
70 350 2 | 22 | 550 
90 350 32 i 23 740 
110 330 39 23 | 910 
130 350 47 24 | 1.120 

i 











N.B. All non-integer quantities have been rounded in the 
above table. 


TABLE II 
COMPARISON OF A CONVENTIONAL SCHEDULE WITH A NUMBER 
OF OPTIMAL SCHEDU LES FOR TUMOURS 





Optimal 
schedule: 
Fractional cell 
survival at 


Conventional 
schedule: 
Fractional cell 
survival at 


Doubling completion of completion of 
time schedule schedule 
days (Ree 1800) (Ree 1800) 
10 5-5 x 10-19 7:0 x 10-1! 
30 1:5 x 10-19 1-0 « 10-H 
50 1-0 « 10-19 6:2 x 10-3 | 
70 9-0 x 10-1 1:4 x 10°73 | 
90 84 x 10-11 3-0 10-15 | 
110 8-2 x fü- 1 80x 10-15 
130 7:8 x 10-1 | 4-0 x 10715 | 
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fractions which would have to be given in order to 
achieve the same tumour cell kill as each optimal 
schedule in turn. As may be seen from the Ry values, 
the conventional schedule would have to be contin- 
ued well beyond tissue tolerance in order to equal 
the tumour-cell kill of the optimal schedule in 
almost every case. 

It is noteworthy that the optimal schedules 
are very much more protracted than conventional 
schedules, that the superiority of the optimal sche- 
dules increases with volume doubling time and that 
this superiority is unlikely to be significant for 
tumours whose doubling times are of the order of a 
week or less. Optimal schedules do not therefore 
hold much promise for fast growing tumours, which 
would be almost as well treated conventionally. 

All the preceding discussion applies to tumours 
with “typical” survival curve parameters (#2, 
Doe 150). As Ellis has recently pointed out (Ellis, 
1974), a possibly important, though somewhat un- 
typical, case is that of tumours whose cells have a 
survival curve giving very high extrapolation num- 
bers. A number of such cases have been reported 
(Reinhold, 1966; Van Putten, 1968; Hewitt, 1967; 
“Dewey, 1971) and consist of tumour types usually 
classified as "radio-resistant" when treated by con- 
ventional schedules. — . 

Assuming a "typical" doubling time of 70 days 
(Tubiana, 1971) we have computed optimal sched- 
ules and their effects for several such tumours 
(Wheldon and Kirk, 1975). The results of the com- 
putation are given in Table IV which shows the 
striking superiority of the optimal schedules which, 
in agreement with Ellis’ earlier suggestion (Ellis, 
1974), consist of a small number of large doses very 
widely spaced apart. Conventional schedules would 
be expected to treat such tumours remarkably poorly. 


TABLE HI 
COMPARISON BETWEEN VARIOUS OPTIMAL SCHEDULES AND A 
CONVENTIONAL OPTIMAL SCHEDULE CONTINUED BEYOND 
TISSUE TOLERANCE TO REACH THE SAME SURVIVING FRACTION 





er 1 e Fn: 
| 
Doubling | Conventional | Optimal 
| time | schedule schedule 
| 


—————— 





| | No. of l Normal Normal 
(daily) ‘Total tissue 

" jars | fractions | dose rad! effect (Rr) effect (Rt) ) 

| 10 | 30 6,000 | 1,825 1,850 

| 30 | 36 | 7200 | 2050 | 184 

| 50 | 40 $000 | 2.200 1,850 

| 70 | 42 8,00 | 2,270 1,840 
90 4 43 8,600 | 2,300 1,840 

| 110 * 44 8,800 | 2,340 1,800 

| 130 | 46 9.200 | 2.400 1,820 





ett aum aaa ALN ATP HATH 


Of course, it is perhaps arguable whether the 
CRE system can be extrapolated to deal with such 
unusual schedules, Moreover, the assumed doubling 
time is a guess, and may in any case shorten as the 
tumour regresses. 

Nevertheless, the large magnitude of the differ- 
ence between the optimal and conventional sched- 
ules provides encouragement, and the radiotherapy 
of tumour cells with high n-values should be cap- 
able of substantial improvement. 

A further point of interest concerns the sensitivity 
of the optimum to small changes in the dose per 
fraction and the inter-fraction interval. Optimal 
therapy is unlikely to be of practical use if small 
errors in the estimation of the parameter values 
lead to the derivation of a schedule whose effect is 
very much worse than optimal. 

To investigate this we again take n==2 and Do= 
150, fix 7 at 70 days and compute the final tumour 
cell population for values of d and ¢ on either side 
of the true optimum. Figures 4 and 5, respectively, 
illustrate the criticality of choice of dose and of 
interval. In both diagrams the broken lines indicate 
the survival level achieved by a conventional 
schedule. 

The second diagram shows a steeper descent to 
the minimum than the first; however, in neither case 
is the descent so steep as to make absolute pre- 
cision a necessity. Some margin of error therefore is 
indicated in the estimation of the parameter values 
which determine d and f. 


TABLE IV 


COMPARISON OF OPTIMAL AND CONVENTIONAL SCHEDULES 
FOR HADIO-RESISTANT TUMOURS WITH HIGH EXTRAPOLATION 



















NUMBER 
7 seaman | 
| | Conven- 
| Conven- | tional | Optimal 
p tional jsurviving} Optimal | surviving 
| Tumour | schedule | fraction | schedule | fraction 
| Osteo- — |d—200 rad d=1,150 rad | 
sarcoma, | T={ day T 110 | 
| rhabdo- | 30 days 
mvosar- | fractions i2:8 x 10-7) 4-4 1-33 «10-1? 
fractions 
d 1,200rad 
ura Wc do do eerey T= 1 65 
= days 
30 44 2:19 x 10-1? 
fractions fractions 
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QF 
Qi 


t (days) 


Fic, 4. 
Graph of the variation of surviving fraction. of tumour 
cells, Qr/Oo, with time-interval (2) between fractions when 
the dose per fraction (d) is held constant at the optimal value. 


1,760, a==0-65, b. —0-11. 
The surviving fraction from a “conventional schedule" (30 
fractions of 200 rad daily) is also shown. 


EXTENSION OF THE ANALYSIS TO MORE REALISTIC 
MODELS 

The main purpose of the present analysis is to 
lay the groundwork for the more complex analysis 
of more realistic models. The present model is 
over-simplified in a number of respects. 

Few tumours grow in purely exponential fashion, 
Gompertzian growth appears to be more common 
(Mendelsohn, 1963; Laird, 1964, 1965; Steel and 
Lamerton, 1966; Salmon 1971; Bichel, 1971). 
However, even Gompertzian growth need not be 
followed. There are theoretical reasons for believing 
that some neoplasms (e.g. acute leukaemia) may 
follow a stochastic growth law which cannot be 
easily reconciled with any simple deterministic 
growth curve at all (Wheldon, 1975). 

In addition, it is quite probable that either the 
ratio of hypoxic to well-oxygenated cells or the ratio 
of cycling to out-of-cycle cells, or both, will change 
during therapy, giving rise to an apparent evolution 
in the radiobiological properties of the tumour cell 
population as a whole. 
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The surviving fraction from a "conventional schedule" 
(30 fractions of 200 rad daily) is also shown. 


Finally, more patients presently die of metastatic 
disease than of their primary neoplasm. If very 
protracted schedules are to be introduced, it will be 
necessary to make some assessment of the likeli- 
hood of dissemination beyond the treated volume 
occurring during treatment. 

Each of these problems will be tackled in forth- 
coming papers. The key observation to the exten- 
sion of the present analysis is the non-appearance 
of the CRE radiation damage index Rr in equations 
(12) and (13). The implication of this is that an 
optimal schedule intended to stop well short of 
tolerance is identical in structure to an optimal 
schedule which goes all the way to tolerance (i.e. 
a tolerance schedule may be regarded as the sum of a 
number of subtolerance schedules). 

This observation allows us to handle the prob- 
lem of tumours whose properties change as treatment 
proceeds. If we consider the case of a tumour 
following a Gompertzian growth curye; which is 
slow-growing when large and fast-growing when 
small, it is not difficult to see that the radiation 
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fractions should be spaced well apart at the begin- 
ning of treatment but should come closer together 
as treatment proceeds. Provided the Gompertzian 
parameters can be estimated (Lloyd, 1975) non- 
uniform optimal schedules can be designed by re- 
garding the tumour as exponentially growing at any 
instant but with different doubling times over dif- 
ferent intervals. 


This approach, and similar approaches to some of 


the other problems mentioned, will be presented in 
detail in later papers. As predicted by Fowler 
(1965), optimal radiotherapy may well turn out to 
consist of a multi-phasic regime of treatment 
schedules, one phase giving way to another as the 
tumour size decreases, its cellular composition alters 
and the balance of competing factors changes. 


CONCLUSIONS 

Several conclusions can be 
preliminary study. 

i. For an exponentially growing tumour the op- 
timal inter-fraction interval is directly proportional 
to the volume doubling-time of the tumour, and the 
optimal dose per fraction is directly proportional 
"o the Do value of the tumour cell-survival curve. 
Both optimal interval and optimal dose increase 
non-linearly with survival curve extrapolation 
number (n). 

2. The structure of an optimal schedule (ve. 
the interfraction interval and the optimal dose per 
nid is not eae y Cis evel of normal tissue 


drawn from this 


is uci. This uds nM the total number 
of fractions to be given. 

3. Preliminary calculations based on sparse data 
suggest that optimal schedules should be signifi- 
cantly better than those in current use. The super- 
ionty of optimal schedules increases with the 
doubling time of the tumour and the extrapolation 
number of the survival curve. 
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Radiobiology Examination Review Book. By T. Prempree, 
A. M. El-Mahdi, ] Shaeffer and S. C. Barranco, pp. 128, 
1975 (Flushing, N.Y ., Medical Examination Publishing Co. y, 
$7.50. 

The authors state that "the primary purpose of this book is 
to serve as an aid to radiology residents in their preparation 
for the American Board of Radiology examinations" and 
secondarily that it will “help the student to identify specific 
areas of weakness in this multi-disciplinary field". The range 
of subjects of the 900 multiple choice questions is such that 
the latter rather negative purpose may well be fulfilled and 
to this extent may be of some help to students taking English 
rather than American examinations. 

It is, however, a type of book which, despite the authors’ 
wishes, will encourage acceptance by the students of a 
rather superficial acquaintance with some of the facts of 
radiobiology rather than an understanding of the funda- 
mental principles involved. Many examples could be chosen 
of questions which foster this approach; one must suffice. 
No. 22 states "the compensatory wave of mitosis induced by 
irradiation of a biological system is the result of: A. release 
of blocked Gz phase cells, B. a loss of reproductive integrity, 
C. interphase death, D. all of the above, E. none of the 
above.” The answer given as correct, is A. Whilst there may 
be a Ge phase block induced for a limited time by irradiation 
and which is followed by a wave of mitosis above the normal 
level, how, it may be asked, is this ''compensatory'' and for 
what? The damage to the reproductive integrity of some cells 
in a tissue and the death of others in interphase does lead to 
compensatory proliferation amongst survivors in a tissue in 
which a "steady state" is normally maintained; vet answers 
B and C are said to be wrong. The "biological system" 
referred to in the question is not in any way defined, and so 
the whole question becomes superficial and misleading. 

Other questions which involve a simple knowledge of fact 
are straightforward. 

Whether or not students like this type of approach to 
learning is a matter of individual taste; but in the reviewer's 
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opinion, except where the examination is composed of similar 
multiple choice questions, a book of this nature is likely to 
be harmful rather than helpful. 

R. H. THOMLINSON. 


Cancer Mortality, England and Wales 1911—1970. Studies on i 
Medical and Population Subjects No. 29, pp. 64, 1975 
(London, H.M.S.O.), £5-25 paperback. 

In 1957 the General Registry Office published a summary 
of statistics relating to cancer mortality and survival 
(McKenzie, Case and Pearson, 1957). This new volume ex- 
tends most of the tables in the original publication up to 1970, 

The first two tables detail number of deaths and the 
mortality rates for “all neoplasms” and "all malignant 
neoplasms’’; the next 32 tables are concerned with systemic 
cancers and the two final tables cover "Hodglan's disease 
and leukaemia”. Each table lists both the number of deaths 
and mortality rates for five-year age groups in successive 
five-vear calendar periods; all rates are expressed as deaths 
per million person - years at risk. The calendar vears co- 
vered varv depending on the changes that have been made 
in disease classification —the list of such changes being 
given in an Appendix. À brief indication is given of the 
trend of the mortality figures. 

These tables should prove to be useful to all oncologists 
as a source of information of the changes that have occurred 
in cancer mortality at different ages in this century. 


T. L DEELEY., 
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ABSTRACT 

À chain consisting of three computer programs has been 
developed for treatment planning of external beam radio- 
therapy without manual intervention. Apart from the data 
necessary to identify the patient, the institute, etc., the input 
consists only of the anatomical information indicated on an 
outline sheet, 

Firstly, combinations of incidence directions for a two 
or three-beam set-up are judged by the first program. ‘Then 
a limited number of these combinations is selected by this 
program. For every beam of each selected combination 
a set of wedges and weights is calculated. Next the dose 
distributions belonging to each combination with wedges 
and weights are judged by the second program. Finally, 
the isodose pattern of the dose distribution judged the best 
is determined by the third program. 

The judgement of incidence directions is done by coarse 
score functions corresponding to a set of criteria. The 
judgement of dose distributions is done by detailed score 
functions corresponding to another set of criteria. These 
criteria with their score functions are treated in some detail. 
The use of the programs in the clinic 1s discussed and results 
are shown. 


Radiotherapists and physicists would be relieved 
from a great deal of tedious treatment planning and 
could devote more attention to other aspects of 
radiotherapy if a computer program existed which 
did on its own all the routine planning for external 
beam treatment. We have developed a chain of pro- 
grams for the planning of radiotherapy treatment 
with megavoltage X or y rays. Apart from the data 
necessary to identify the patient, the institute, etc., 
the input consists only of the anatomical informa- 
tion registered on the outline sheet. 

For the evaluation of incidence directions and the 
judgement of dose distributions we use different 
sets of score functions. As early as 1967 the judge- 
ment of dose distributions using score functions was 
done by Hope and Orr (1965) and by Hope et al 
(1967). Some of their score functions have been 
used although modified. However, our way of reach- 
ing the final score is essentially different. In our case 
the final score consists of a weighted sum of the 
score-function values instead of a weighted sum of 
powers of score-function values. 


Heron rta mien a a 


*Part of this mom was presented at the 3rd Congress of the 
European Association of Radiology, Edinburgh, 1975, 
lune 22-27. 
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Early approaches, in which the program was free 
to select incidence directions as well as weights, 
were made by Gallagher (1967) and Bahr et al. (1968). 
lhey used the method of linear programming for 
the optimization of treatment planning. The same 
technique was also used by Jameson and Trevelyan 
(1969) to optimize pelvis treatments with a pelvic 
wedge. More details about these approaches are 
given by Wood (1974). 

An outline of our programs, together with their 
input, will be given, and the criteria with their 
corresponding score functions will be treated in 
some detail. The program for the calculation of dose 
distributions is similar in performance to programs 
published by others (Bahr et aL, 1968; Stirling, 
et al., 1964; Mauderli and Fitzgerald, 1965; Van de 
Geyn, 1965; Allewaert, 1972) and therefore will not 
be explained. The daily routine use will be dis- 
cussed, and results will be shown. 


METHODS 

The method of obtaining an optimized treatment 
plan can be divided into four stages: 

(1) selecting a number of appropriate combinations 
of incidence directions for the beams; 

(2) determining suitable wedge filters and weights 
for each beam of a combination; 

(3) selecting the final plan out of the plans corres- 
ponding to the above mentioned combinations 
of incidence directions with their wedges and 
weights ; 

(4) calculating the dose distribution of the final 
plan. 

Combinations of incidence directions are selected 
by evaluating them with a set of coarse score func- 
tions based on beam-incidence criteria. The coarse- 
ness of the score functions increases the speed of 
calculation, and is required because of the large 
number of possible combinations. Wedge-filters are 
determined by calculating the angle over which the 
isodoses of each plain beam have to rotate in order 
to be angled at 180 deg. to each other (two beams) 
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or at 120 deg. to each other (three beams) (see also 
Fig. 34 and B). For every beam of each combina- 
tion a series of weights is provided. Treatment 
plans are judged with a set of detailed score functions 
based on dose-distribution criteria. These score 
functions use dose values, calculated at points in- 
side and outside the target area, and around vul- 
nerable regions. In order to distinguish between 
these two sets of score functions, the score functions 
based on beam-incidence criteria will be called the 
coarse score functions, while the score functions 
based on dose-distribution criteria will be called the 
detailed score functions. 


Outline of the programs 
The program chain consists of three programs: 

(D MFSEARCH, a program that, by means of 
coarse score functions, assigns a score value to 
all combinations of incidence directions for 
two or three beams. Based on these score values 
it then selects a number (e.g. six) of combinations 
of incidence directions. Finally a set of wedges 
and weights is calculated for every beam of a 
selected combination of incidence directions. 

(2) MFOPTIM, a program that, by means of de- 
tailed score functions, judges each of the dose 
distributions determined by the setting of the 
beams obtained by MFSEARCH. On the basis 
of this judgement it selects the best of these 
dose distributions. 

(3) MF3DEXT, a program that calculates the dose 
distribution selected by MFOPTIM and prints 
this distribution on a line printer or plots it on a 
plotter. 

A flowchart of these programs is given in Fig. 1. 

The programs have been written in ALGOL-60, 

using 40 K words central memory on a Control 

Data Cyber 73 computer. 


Input of patient data 

The entering of data necessary to identify the 
patient, the institute, etc. will not be discussed. 
The description of the contour and the target area 
is done by providing the lengths of the radii drawn at 
regular intervals from a chosen centre ‘of the target 
area (see Discussion) to the patient contour and to 
the target contour (Fig. 2). In the same way the 
contour of each vulnerable region is described with 
radii drawn from a centre chosen inside the region. 
Furthermore, the positions of these centres relative 
to the target centre and the permissible dose in each 
of these regions relative to the mean dose in the 
target area are given. 
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Upperbounds for the values of some score func- 
tions are given to the programs in order to save 
computational time by immediately rejecting dose 
distributions exceeding one of these upperbounds. 
The program chain is also provided with those 
beam-incidence directions which are impossible or 
unwanted. 


input of patients’ cross section 
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col cul ation of the isodose pattern 


Fic. 1. 
Flow-chart of the program chain. 
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Description of the patient cross-section and the position of 
the points in which the dose delivery is calculated: 


(1) radii to describe the contour of the cross-section, target 
area and vulnerable regions, 

(23 sample points inside and outside the target area, 

(3) sample points on the contour of the vulnerable regions. 


Judgement of incidence directions 

For the judgement of incidence directions 
MFSEARCH uses coarse score functions based 
on the following six criteria: 

. (1) dose delivery to tumour relative to incidence 
dose; 

(2) equality of dose delivery to target area; 

(3) dose delivery to vulnerable regions; 

(4) integral absorbed dose; 

(5) obliqueness of the beam entries to the patient 
contour; 

(6) mutual beam positions. 

To each criterion a score function is attached. 
The deviation of the function value from zero indi- 
cates the deviation from the ideal case. For discus- 
sion of these score functions, the case of two beams 
(í and f) will be treated in the next part of this 
section, 





t. Dose delivery to tumour relative to incident dose: 


l-exp (^r) 

ris the distance measured along the central axis of the beam 
from the skin to the target centre. p 1s the effective linear 
absorption coefBicient of the beams in tissue. The fraction 
of the depth dose left after traversing a distance 7 in tissue 
is taken as exp(--pr). The fraction of the depth dose ab- 
sorbed after traversing r, the absorbed fraction, is then: 


be sufficient for the judgement of combinations of inci- 
dence directions. 

The score function EAT has been designed such that for 
all acceptable cases its value is less than 1. A value greater 
than I means that the tumour dose | expl —ur;) t expl —- urit 
is smaller than both. of the incident. doses (each with the 
value 1). 

2, Equality of,dose delivery to target area: 


EQ U ATL, S, 2i 1 -EKP { pe pir or) i : 
This function becomes D when r;-r, and 1 when the ab- 


sorbed fraction is (^5 over a distance Irel. 


3. Dose to vulnerable regions: 

with | CRITTRM 
being the summation over all vulnerable regions of f.exp 
( ud) Dy . dis the distance from the skin to the centre of 
the vulnerable region, parallel to the central axis of the 
beam. Dp is the permissible dose in the vulnerable region 
expressed as a fraction of the mean dose in the target area. 
The coefficient f accounts for the distance of the centre of 
the vulnerable region in question from the beam. f= 1 when 
the beam goes through the vulnerable region; we chose 


distance less than 5 mm and f=0 when this distance is 
more than 5 mm. Because of its structure CRIT is a score 
function which can exceed the value 1 in acceptable com- 
binations of incidence directions. 


FLDTRMwy-(FIELDy-FIELDqwis)/6. 

For every incidence direction k the corresponding field size 
(FIELD) is determined as the smallest diameter, rounded 
off to 0-5 cm, which encompasses the target area. FIEL Dmin 
is the minimum value of all field sizes FIELD. When 
FLDTRMy:«1, FIELD, and FIELDmin differ by 6 cm. 
This value of 6 was arbitrarily chosen and is not essential, 
because in the expression for the total score FLD is multi- 
pled by a weighting factor. The score function FLD 
favours small beams above broad beams and in this way 
influences the integral absorbed dose. 

5. Obliqueness of the beam entries to the patient contour: 


CURVTRM = 0-6 tan (4). 
$ is the angle of the central axis of the beam with the 
perpendicular to the contour at the point of intersection of 
the central axis with the contour. ¢ is often called the 
"angle of incidence". CURVTRM =1 for $—60 deg; the 
factor 0-6 is also chosen arbitrarily (see 4). 
6, Mutual beam positions: 


INV = ba a. a >41, J —i&rn]2, 


rn is the number of radii used to describe the patient 
contour and the target area. The restrictions for 7 and 7 pre- 
vent combinations of incidence directions being evaluated 
more than once. See Fig. 2 for the meaning of the numeri- 
cal value of 2 and 7. When the radii are drawn at every 15 


perpendicular to each other, j--1:-6 and consequently 
INV =0. When two beams are opposing or coincide, J =t = 
12 or Q and in both cases INV —1. 

In the case of three beams 7, 7 and &, the score functions 
EXT, CRIT, FLD and CURVY are constructed in the 
same wav: adding the separate beam contributions. ‘To keep 
the function value in the same range as in the case of two 
beams, the beam contributions are multiplied by 2/3. 
For example: 

EXT = 2(EXTTRM,-~EXTTRM,+ EXTTRM)). 

EQUAL and INV are constructed slightly differently: 











EOUAL~2 L -exp =E | -— ewm 
INV = $ l o e Ta I i J) NU | S I<] £R, 
i rH rH | 








The construction of the score function INY is such that 
the value 0 1s obtained when the beams make an angle of 
120 deg. with each other; the value 1 is obtained when the 
angle between i and j and between 7 and & is either 0 deg. 
or 240 deg. 


The total score consists of a weighted sum of the 
different score functions. At the present time good 
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Fic. 3 
Calculation of wedge-filter angle. 
(4) Combination of two beams. 
1,2: central axes of the beams. 
3 outline of the patient. 
4,5: isodose lines obtained when the wedge-filter is not 
inserted into the beam. 
ó: angle of central axis with perpendicular to the skin. 
$ angle of isodose lines 4,5 with perpendicular to the 
central axis. 
ð angle between the bisector of the central axes and 
either one of these axes. 
a: angle (in degrees) between the isodose lines 4,5 and the 
bisector of the central axes. 
(B) Combination of three beams. 


1,2,3: central axes of the beams. 

4: bisector of axis Í and axis 3. 

5,6,7: perpendiculars to the isodose lines: 
8,9,10: of the respective beams. 
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results are obtained with the following weighting 
values: 

SCORE —2.EXT--2. EQUAL--1.CRIT4 

1. FLD--1.CURV 4-2.g.INV. 
When the distance of the chosen target centre to the 
skin is less than or about the depth at which elec- 
tronic equilibrium is reached (with 8 MV X TU 
2 cm) g—0, otherwise g —1. The case with g==0 
will hereafter be called a Dun with a T 
lying target (See Fig. 5). This elimination of INV 
from the score is necessary because the dose deliv- 
ered increases very rapidly just under the skin and 
then remains rather constant over some distance (2 
em for 8 MeV X rays). Wedge-filters and angles 
between incidence directions are then of little im- 
portance in achieving good treatment plans. 

A combination of incidence directions is immedi- 
ately rejected when one of the following maximum 
values is exceeded: 


EXT:1.2, EQUAL: 1, CRIT: M, CURV : 1. 


Wedge-filters and weights 

Once the (e.g. six) best combinations of incidence 
directions are selected, wedge-filters and weights are 
determined for each beam of such a combination, — ^ 

In the case of two beams, wedge-filters are in- 
serted in each of the beams such that the isodose lines 
are parallel to the bisector of the angle between 
both beams. Thus the isodose lines have to rotate: 
a 90 —64-4' deg. (Fig. 34). 

The treatment. set up only ies the angles. of 
T his means a the a ae of ablique Gide ace 
($) on the angle of the isodose lines with the central 
axis (¢’) must be expressed. It can be shown that 
tan ($') --0-6 tan ($) for 8 MV X rays and 100 cm 
MAL centre distances: dx $9 Co and 50 cm 


both factois | onm btc on e field sizes. 
The value of 0 is derived from the incidence direc- 
tions of the two beams and is the same for both 
beams. It turns out to be sufficient, even in the case 
of oblique incidence, to insert in each of the beams 
a wedge-filter with a wedge angle of 90——0-:-4' deg. 
A wedge-filter with a wedge angle of a degrees i is à 
wedge-filter which, in the case of normal incidence 
of the beam to the iin: will turn the isodose lines of 
this beam through an angle of a deg. A plain field 
is considered as due to a wedge-filter with an angle 
of 0 deg. Because of the rough approximations in 
the derivation of the wedge angle and because of the 
limited number of wedge-filters available, three 
wedges are selected for each beam with their wedge 
angles near 90 —0--$' deg. The program reduces 
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the number of wedges to two if three wedges are not 
available. In the case of three beams, a wedge is 
untae in Pics Beam ua that the MEE iid of 
diss lines of she ae eer (Fi ig. 3B). The d 
mination of suitable wedge-filters is analogous to the 
case of two beams. Usually two wedges are deter- 
mined for each beam. 

In the case of a superficial-lying target, only the 
oblique incidence of a beam is compensated; thus a 
wedge-filter with a wedge angle œ’ is inserted in each 
beam (Fig. 5). The reason for this has already been 
discussed. 

As wil be explained in the next section, the 
program for judgement of dose distributions, 
MFOPTIM, has been written such that changing 
weights for the beams and rejudging the modified 
dose distributions uses very little computer time. 
Therefore less effort has been spent on programming 
the calculation of weights. In the case of two beams 
we gave, when r;« rj, beam j a weight 1 and beam 7 
a series of weights, e.g. 0-6, 0-7 ..., 1:6. In the case 
of three beams, when ri<rp and r;«ry, beam Rk 
gets weight 1 and beam 7 and j both get a series of 
“weights, e.g. 0-4, 0-6, ..., 2-0. 

To summarize the stage of the planning procedure 
at this point: MFSEARCH has now determined a 
number of combinations of incidence directions. 
Each beam of such a combination is provided with 
appropriate wedge-filters and weights. For example, 
with three combinations of incidence directions for a 
three-field technique, two wedges for each beam and 
two beams with eight weights, the third beam having 
Weight 1, MFSEARCH offers to MFOPTIM: 
3.2.2.2.8.8.1 1,536 different dose distributions to 
be judged. 


Judgement of dose distributions 

In order to judge a treatment plan, MFOPTIM 
follows the i dus. presos. The pn ide 
cross- section, are xc with a number of sample 
points. In the same way the contour of the vulner- 
able regions is provided with sample points. The 
position of these points is indicated in Fig. 2. 

Next the dose distribution at each of these points 
is calculated for each beam, with weight 1 and with 
the wedge-filter assigned to it. The result is stored 
by the program. The calculation is based on tabu- 
lated off-axis/on-axis dose ratios and on a central 
axis depth-dose function. The latter function takes 
into accouht,the dose increase from the patient sur- 
face to the depth of electronic equilibrium. Because 
the aim of MFOPTIM is to discriminate between 


treatment plans, a high accuracy in the dose cal- 
culation 1s not necessary, the computing speed being 
more important. Oblique incidence of the beams on 
the patient contour is taken fully into account. 

Then, using the appropriate weights of the 
beams, the total dose at each point is determined, 
Finally, based on the dose values at all these points, 
the values of the detailed score functions correspond- 
ing to the judgement criteria are calculated. In this 
way change of weights only means multiplving the 
stored dose values with these modified weights and 
rejudging the dose distribution. 


“These criteria and their corresponding detailed score 
functions are formulated as follows: 


(1) Dose homogeneity in the taget area: 
TDH — : (Di, max" I, min)/ Di 

(2) High-dose zones near the target area: 
HD Zi - (number of points: with Dy > 0:9 D)/N:i 
HD Zz = (number of points with De > 0-7 Di)/Ns 

(3) High dose regions distant from the targer area: 

FDM = Din, maxi Dt 

(4) Dose to vulnerable regions: 
For every vulnerable region is calculated: 


D, 100 
* D, : D, and then 


(5) Integral absorbed dose: 


all these values are added. 


qu 
ID == 100; PLA i: R; Dy, i 2 a Xr? 
EHE f N 


Explanation of the score functions: 

(1) Di, max is the maximum dose value of the inner points; 
i.e. points situated on the radii at 0-6 cm inside the 
target contour. 

Ih, minis the minimum dose value defined in the same 
way. 
Dis the mean dose value of the inner points. 

(2) Points; are outer points situated on the radii at 0-6 cm 

outside the target contour with dose values Di. Pointse 
are outer points situated on the radii at 2 cm outside the 
target contour with dose values D». When a point lies 
outside the patient contour, it is neglected. 
Ny is the number of points, Ne is the number of pointsa. 
Thus HDZ; is the number of points; inside the cross 
section with a dose higher than 90 per cent of Di, 
divided by the total number of points;. HD Ze is defined 
ina simular way. 

(3) Far from the target area high dose regions will only occur 
at the entrance area of the bearns at the depth at which 
electronic equilibrium is reached, In the case of a plain 
beam at normal incidence, the high-dose region lies 
around the central axis at this depth. When a wedge 
filter is inserted into the beam the high dose region is 
displaced trom the central axis. The dose in this region 
will be called the incident dose. The dose at the depth 
of electronic equilibrium on the central axis is called the 
field dose. The weight of a beam and the field dose are 
linearly related to each other. 

Din, max i$ the maximum incident dose found among the 
incident doses of all beams of the treatment plan. 

(4) Dy is the mean dose of all points lying on the contour of 
the vulnerable region in question, 
Dy is the permissible dose of this region expressed as a 
percentage of D. 

(5) Z means summation over all beams, 
n 
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Wis the field width of beam 7. 

R; is the length of the central axis of beam 7 through 
the patient cross-section. 

Dr iis the field dose of beam 1. 


Z rj? is the sum of the squares of all radii from the target 
d 


centre to the patient contour and-a is the angle in degrees 
between two successive radii. 


aot is an approximation of the area of the patient 


cross-section, 


The final score consists again of a weighted sum 
of the different score functions and is characteristic 
for the dose distribution, independent of the way 
this distribution is achieved (see discussion for the 


determination of the weighting factors). Good 
results are obtained with: 
score—2. TDH +10., HDZ4--10. HDZa--1. FDM 


43.2 DVLN--1.1D; 

& being the summation over all critical regions. 

For TDH, FDM and the different DVLN's, 
upperbounds are introduced together with the 
input of patient data. Plans with a value for one of 
these detailed score functions higher than the cor- 
responding upperbound are immediately rejected. 
Often-used values for these upperbounds are: 
TDH: 15 per cent, FDM: 80 per cent, the percen- 
tages being percentages of the mean target dose. 
When treating the bladder, the upperbound of the 
ratio Dy/D, for the rectum is often 70 per cent, 
with a permissible dose Dp of 50 per cent. For the 
spinal cord these values are often taken as 50 per 
cent and 30 per cent. 


CLINICAL UsE 

MF3DEXT and MFOPTIM have now been in 
use for more than three years; MFSEARCH for 
more than one year. In our department most mega- 
voltage treatment plans are determined by these 
programs (300 plans a year) Exceptions are the 
plans with two opposing beams on straight surfaces 
without wedge-filters and the difficult plans, e.g. 
with non-coplanar beams. Two radiographers pre- 
pare the input, operate the computer terminal and 
deliver the final plan to the radiotherapists and the 
physicist for evaluation. After the final plan has been 
approved, they fill in the treatment instruction sheet 
and are present at the first treatment of the patient. 
This computer system has relieved the treatment 
planning department from a great deal of routine 
work, 

The programs are run on the Control Data Cyber 
73 computer of the Academical Computing Centre 
in Amsterdam. Use is made of a remote batch ter- 
minal, located at 200 metres from the radiotherapy 
department. A high priority level for our programs 
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Computer-constructed treatment plan (8 MV X) for a 
tonge-—floor of mouth lesion. 


is granted, so the time between input to and output" 
from the computer is usually short, about five 
minutes for two or three treatment plans together 
in one run. The time elapsed between the presenta- 
tion of a patient outline to the radiographer and the 
return to the radiotherapist of the optimized plan 
is in most cases half a day. 

Because the programs are batch-processed by the 
computer, no manual intervention during the run- 
ning of the programs is possible. Hence much atten- 
tion was given to the fact that a bad result or no re- 
sult at all would imply rerunning the programs. For 
instance, when one or more upperbounds for score 
function values prevent MFSEARCH or MFOPTIM 
from obtaining a prefixed minimum number of 
combinations of incidence directions or of reason- 
able dose distributions, the program augments the 
upperbound(s) in question and does the planning 
again. 

All programs of the chain are not necessarily 
needed for a treatment plan. As indicated in Fig. 1, 
it is possible to enter the program chain at several 
levels. For instance, when the incidence directions 
of the beams are fixed, only a series of suitable 
wedge-filters and weights has to be determined by 
MFSEARCH. MFOPTIM and MF3DEXT are 
then needed to arrive at the final dose distribution. 

The maximum number of beams to be handled is 
three for MFSEARCH and four for MFOPTIM. 
In both situations the central axis has to lie in the 
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Computer-constructed treatment plan (8 MV X) for a 

superficially lying target area, in this case a glomus tumour., 

‘The patient outline is taken from os mandibularis to os 
occipitalis, 


patient cross-section and must go through the 
chosen centre of the target area. Until now no 
need has been felt to change these restrictions. 

Examples of the dose distributions achieved by 
* 3 “ * S 
the programs are given in Figs. 4 and 5. 


Discussion 

A survey of the drawbacks of external beam 
treatment planning with a computer (—terminal) 
situated outside the radiotherapy department has 
been given by Bentley and Milan (1971). It turns 
out that a considerable disadvantage, especially 
when more than one run is necessary to achieve a 
satisfactory result, is the time which elapses be- 
tween the presentation to and return from the com- 
puter of a treatment plan. However, the power of 
modern large computers, linked with a relatively 
low-cost terminal, permits the use of extensive chains 
of programs on a routine basis with possibilities 
unrealizable with small computers. 

Our programs follow a procedure which selects 
the best plan out of a whole series of reasonable 
treatment plans including the good and very good 
ones. There are two reasons for calling this proce- 
dure pseudo-optimization of treatment planning. 
The first reason is that the final plan 1s selected out 
of a limited amount (albeit a very large number) of 
treatment plans. The second reason is that the 
chosen criteria and the corresponding score func- 
tions are only to a certain extent representative of the 
result of the treatment. 

The weighting factors for the score functions of 
the detailed criteria for the judgement of dose 
distributions (MFOPTIM) have been determined 


according to the preferences of our radiotherapists. 

The question is still open whether one can deter- 

mine optimum values for all these weighting factors. 

Reasonably good results can be obtained with quite 

different sets of weighting factors. The set of 

weighting factors in use is still being upgraded in 
the following way. 

The radiotherapist, the physicist or the planning 
radiographer often offers a set of incidence direc- 
tions with appropriate wedges and weights to 
MFOPTIM or complete plans to MF3DEXT. A 
comparison is made between these plans and the 
corresponding computer-determined plan. In nearly 
all cases the treatment plan determined by the 
programs is better or the same. When the reverse 
is true, much attention is paid to the reason for this 
misbehaviour of the programs. 

Determination of the weighting factors for the 
criteria of MFSEARCH can be done by means of a 
mathematical procedure. Each combination of beam 
incidence directions corresponds to a series of dose 
distributions because of the different wedges and 
weights. The values of the coarse score functions 
for the criteria of MFSEARCH can be linked with 
the lowest total score value of MFOPTIM for these 
dose distributions. In this way an equation can be 
composed with six unknowns (the weighting factors 
for the coarse score functions of MFSEARCH), 
with six corresponding coefficients (the values of the 
single score functions of MF SEARCH) and with the 
lowest detailed score value of the resulting dose 
distributions (the best total score determined by 
MFOP'TIM) on the right hand side of the equation. 
From the plans acquired over more than one year, 
sets of, e.g. 40 equations have been composed and 
solved by a least-square method. This work is still 
in progress and eventually will lead to a mathemati- 
cally-defined set of weightings factors for the score 
functions of MFSEARCH. 

There are certain shortcomings in the score 
functions used by MFSEARCH and MFOPTIM. 
(1) The score function INV of MFSEARCH gives 

the same value for coinciding beams as for 
opposing beams. It is obvious that the first case 
is worse than the second one. 

(2) The mathematical procedure for the determina- 
tion of the weighting factors for MFSEARCH 
often results in a negative factor for EQUAL. 
The reason for this is not fully understood. 
However, it is clear that, when a beam goes 
through a vulnerable region, MFOPTIM fa- 
vours the case of an asymmetrical set up with as 
little dose delivery by this beam as is permitted 
by the other score functions. 
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(3) In the same way it was found that the weighting 
factor of CURV is negative when solving equa- 
tions composed only of bladder treatment plans. 
Probably the curvature of the lateral parts of the 
patient contour influences the dose homogeneity 
in the target area. 

(4) The function FDM of MFOPTIM is charac- 
teristic of the beam in question and not of the 
total dose distribution. In the case of opposing 
beams one would prefer to add to the incident 
dose the exit dose of the other beam and use this 
value for the criterion. of high dose regions 
distant from the target area. 

An improvement of the planning procedure con- 
cerns the location of the isocentre inside the 
target area. The best location of the isocentre 1s 
not always the same for all combinations of inci- 
dence directions. A modification of MFSEARCH 
will be undertaken in which the hand-chosen loc- 
ation of the isocentre will be considered for each 
combination of incidence directions and if necessary 
will be changed by the program itself. 

The mean cost of a three-field plan, determined 
by all three programs, is about Dfi 35 (£6), including 
the use of the terminal, Use of a commercial time- 
sharing system situated in our department will prob- 
ably double these costs, but even then they remain 
acceptable considering the achievement of the plan- 
ning procedure. 


Book review 


Roentgen Appearance of the Hand in Diffuse Disease. By H. L, 
Steinbach, R. H. Gold and L. Preger, pp. 674, 1975 (Year 
Book Medical Publishers), £2630. 

Diagnosing systemic disease from X-ray films of the 
hands has always been a most satisfying experience. Several 
monographs devoted to the hand have appeared in recent 
years, but this book is unique in that it also describes in 
considerable detail the clinical, laboratory, pathological 
and genetic aspects of the various disorders as well as dis- 
cussing the skeletal radiology of the remainder of the body. 
“So much written about so little" is, as the authors them- 
selves observe in their preface, an obvious criticism. Were 
it not for the cost, no one would quibble at being provided 
with all this information in one book. But few individuals 
will wish to spend £26 on such a limited aspect of radiology. 
However, putting cost aside there is no doubt that there 1s 
much to admire in this book. It is well written, with numer- 
ous references. Unlike Poznanski's The Hand in Radiologic 
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Diagnosis, where the acquired diseases were relatively neg- 
lected compared to the superb account of congenital prob- 
lems, the present volume covers all aspects including the 
arthritides equally well. The illustrations, which are 
grouped together at the back of the book, have detailed 
captions, and can be used as a reference atlas. The main 
advantage of such a format is the ease with which one can 
attempt to make a diagnosis when confronted with a prob- 
lem film. It is, however, extremely annoying to be forced to 
continually flick backwards and forwards to correlate text 
with illustration. 

If you require a book on congenital disorders, Poznan- 
ski’s book is better value, but if you wish to have a com- 
prehensive account of all aspects of the radiology of the 
hand in diffuse disease then this book is an excellent but 
expensive choice. 

P. ARMSTRONG. 
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Change in oxygen enhancement ratio with depth in tissue- 
equivalent material for a collimated beam of fast neutrons 
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ABSTRACT 

Survival of reproductive capacity of murine leukaemia 
P.388 cells was assayed im vivo after the cells had been 
irradiated in vitro under aerobic or hypoxic conditions with 
collimated beams of X rays or 16 MeV D-Be fast neutrons 
at various depths in tissue-equivalent phantom material. 
The response to X-irradiation was the same in the absence 
of the phantom and at 8-7 cm depth. The response to fast 
neutrons under aerobic conditions was unchanged from 0 to 
23 cm depth within the phantom. However, under hypoxic 
conditions, the dose-response curve for fast neutrons be- 
came significantly steeper with increasing depth in the 
phantom. The OER decreased from 2:0 in the absence of 

the phantom to 1-5 at 15 cm deep. 


Àn important question arising from the use of fast 
neutron beams for radiotherapy is whether there 
is any significant change in radiation quality as the 
beam passes into the patient or phantom. Such a 
change might result from the following processes: 
differential filtration of the incident beam, increase 
in the fluence of low-energy neutrons due to scat- 
tering, and increase in the proportion of the total 
dose represented by y rays. Experimental informa- 
tion on whether the resulting changes in radiation 
quality are biologically significant is at present 
conflicting. MeNally and Bewley (1969) and Nias 
et al. (1971) could find no evidence of any significant 
change. On the other hand Berry (1971) found a 
significant reduction in oxygen enhancement ratio 
(OER) when cells were irradiated at 10 cm deep in 
phantom compared to irradiations in the absence of a 
phantom, while Broerse et al. (1971) noted changes 
in the response of bone-marrow colony-forming 
units to neutrons of nominal energy 14-15 MeV 
when a “free-air geometry" was changed to one 
involving a collimated beam in which 10-20 per cent 
of the dose was given by scattered neutrons. The 
present paper presents the results of new experi- 
ments made under better conditions than those of 
Berry (1971) and covering a wider variety of depths 
in the phantom. 

In the previous experiments, cells of the murine 
leukaemia P-388 were exposed to collimated beams 
of fast neutrons from a variety of sources as part of a 
collaborative effort to measure the physical and bio- 
logical paratneters of neutron beams of different 
energies. This project was co-ordinated by Professor 
T. T. Brennan of the University of Pennsylvania 


Hospital, and was designed to answer the question 
"Is there an optimum fast neutron source for clinical 
radiotherapy?" (Brennan, 1969). Regrettably, the 
data obtained in these studies have never been 
published in full. An unexpected decrease in hypoxic 
protection against cell-killing by 6-24 MeV neutons 
was seen when the cells were irradiated at 10 cm 
deep in a tissue-equivalent phantom, as compared 
with irradiation with no phantom present (Berry, 

1971). These experiments were carried out “in the 
field” at fast neutron generators far distant from the 
experimenters' home laboratories (Livermore, Cali- 
fornia; College Station, Texas; Bethesda, Mary- 
land; Hammersmith Hospital, London) and the 
assay of survival of cell-reproductive capacity was 
alwavs im vivo. However, because of operational 
difficulties, irradiation under aerobic conditions was 
delivered to tumour cells held zn vitro, whilst irradia- 
tion under hypoxic conditions was carried out in 
vivo to take advantage of the physiological hypoxia 
prevailing in the ascitic fluid in seven-day tumour- 
bearing donor mice (Berry and Andrews, 1961; 
Berry, 1968). It is conceivable that this difference 
in geometry may have influenced the values of OER 
measured in and out of the phantom. We have now 
made fresh measurements using the same cell sys- 
tem but with all irradiations carried out i vitro. 
Most of the measurements were made using fast 
neutrons from the M.R.C. cyclotron at Hammer- 
smith Hospital, and additional experiments were done 
with X rays generated at 8 MV. The irradiation set- 
up was the same as that of McNally and Bewley 
(1969). 


MATERIALS AND METHODS 

The P-388 lymphocytic leukaemia of the DBA/2 
mouse, techniques for maintaining cells in vitro 
and the assessment of cell reproductive capacity 
by serial dilution-assay 7 vivo in isologous recipient 
mice have been described previously (Berry and 
Andrews, 1961; Berry 1968). For the present ex- 
periments, the tumour cells were suspended in a 
ad a node Aen of Fischers 


[ut calf serum (Flow), at a concentration circa 
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3x 108 cells/ml., immediately before placing them 
in Perspex tubes of 0-8 cm internal diameter and 
0-2 cm wall thickness, through which air or white- 
spot purity nitrogen (plus 5 per cent carbon dioxide) 
was bubbled. Silicone anti-foam was added to the 
suspension at a final concentration of 1:6,000. The 
cell suspensions were allowed to equilibrate with the 
gas mixture for a minimum period of 15-20 min- 
utes, at which time a small aliquot was removed as 
the unirradiated control and the irradiation started. 

The tubes were exposed in pairs, side by side, 
samples being removed at suitable intervals as the 
doses were accumulated. The dose-rates while the 
beam was on were about 37 rad/minute with X rays 
and 25 rad/minute with neutrons, and the beam cur- 
rent was adjusted so that the dose-rates were similar 
for experiments in and out of the phantom. The 
duration of exposures for the highest doses in aerobic 
and hypoxic conditions were respectively about 40 
minutes and one and a half hours, except at 23 cm 
deep in the phantom where it was impossible to 
complete the neutron irradiation in one and a half 
hours; in this position the cells were only irradiated 
aerobically and the total duration of exposure for the 
highest dose was three hours ten minutes. 

The source of neutrons was the M.R.C. cyclotron, 
which gives a beam of mean energy 7:5 MeV (Par- 
nell, 1972). The front of the phantom was placed 
at the standard treatment distance, namely 120 cm 
from the target. The field size was usually 16x16 
cm but sometimes 10 x 10 cm. The pair of tubes was 
placed at various depths in the phantom, and at 
120 cm with no phantom present. 


The source of X rays was the M. R.C. 8 MeV linear 
accelerator, and for these exposures the phantom was 
placed 100 cm from the target with a field size of 
20 x 20 cm. For exposures with no phantom present, 
a sheet of Perspex 1:3 cm thick was placed in front 
of the tubes to give secondary-electron equilibrium. 

Immediately after irradiation, the tumour cells 
were diluted with additional complete holding 
medium to a concentration of 5-10 105 cells/ml. 
and maintained at room temperature during the 
return journey to Oxford for counting, appropriate 
dilution in Hanks BSS and intraperitoneal injection 
into isologous recipient mice (total elapsed time 
two to four hours). All animals which died within 
the subsequent 100-day period with ascites were 
considered positive; those which died without gross 
ascitic tumour were submitted to autopsy, and unless 
the presence of a solid tumour due to accidental 
intramuscular injection was confirmed they were 
excluded from the data. The 100 day assay period 
was chosen as it significantly exceeds the maximum 
time for one irradiated tumour cell to proliferate to 
cause death of the recipient animal, even in the pre- 
sence of heritable sub-lethal radiation damage 
(Berry, 1967; 1972). ° 

The doses quoted in the results represent the 
doses of neutrons at the cells, £e. corrected for 
attenuation in the phantom. The additional dose 
of y rays is not included but is shown in Table I, as 
a per cent of the neutron dose at the position of the 
cells. T'he dosimetric methods used were described 
by Bewley and Parnell (1969). Percentage depth 
doses of neutrons were taken from isodose charts 


TABLEI 
SUMMARY OF SURVIVAL-CURVE PARAMETERS WITH SEPARATE AIR AND NITROGEN CONTROLS 


| 
| Field 


Dy/ Dy Extrapolation Aerobic Do Anaerobic Do 
size cm (per cent) number (rads) (rads) OER 
X rays 
No phantom 20 x 20 — 2-9 140 363 2:59 
(1-4-6-1) (123-162) (313—433) (2-28—2.96) 
8:7 cm deep 20 x 20 — 2-9 140 370 2-64 
(1:4—6-1) (123-162) (318—443) (2-33--3.03) 
Neutrons 
No phantom 10 x 10 * 2-0 75 150 2°01 
(1:2-3-4) (69-81) (132-174) (1:80—2-27) 
Depth 0 10 x 10 3 2:0 75 178 2°38 
(1 2-3-4) (69-81) (148-222) (2:02-2-91) 
1-5 16 x 16 7 2-0 73 129 1-73 
(1-2-3-4) (69-81) (114—149) (1:54—1.97) 
8-7 12x 12 10 2-0 78 125 1:67 
10 x 10 (1-2-3-4) (69-81) (109—145) (1-48--1-91) 
15.5 16 x 16 17 2-0 75 111 1-49 
(1-2-3-4) (69-81) (100—126) (1:34—1-67) 
23-3 16 x 16 24 2-0 45 — t 
(1-2-3-4) (69-81) 


Figures in brackets represent 95 per cent confidence limits. 
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Survival of reproductive capacity of murine P-388 leukaemia cells irradiated with X rays generated at 8 MV or fast neutrons 

generated with 16 MeV deuterons on Be, at various depths in a tissue-equivalent phantom. Each point represents an indi- 

vidual serial dilution-assav using 15-39 isologous recipient mice. Survival curves are fitted to the data by the method of Pike 
and Alper (1964); the parameters of these curves are summarized in Table I. 


measured with a compensated 1onization chamber 
in a phantom filled with tissue-equivalent liquid. 
The partial dose of y radiation was measured with a 
Geiger-Müller counter shielded with Li metal to 
exclude thermal neutrons, 


RESULTS 

The proportion of morphologically typical tumour 
cells which were in fact reproductively intact was 
determined by the method of Porter and Berry 
(1963) both for irradiated cells and for unirradiated 
P-388 leukaemia cells which had been held zm vitro 
and treatéd exactly as were the irradiated cells. The 
survival of these controls held in nitrogen was a 
little lower than that of controls held in air. From 


eight assays involving 150 recipient animals the 
proportion of tumour cells reproductively intact 
(equivalent to plating efficiency) was 6 per cent in 
nitrogen and 11 per cent in air. These values are 
not significantly different but we thought it best to 
use the separate control values rather than the 
pooled results. ; 

Survival curves have been fitted to the data by the 
method of Pike and Alper (1964); these are shown in 
Fig. 1, and their parameters are summarized in 
Table I. Use of pooled controls would reduce all 
values of OER by about 0-2, For irradiation with 
8 MV X rays there was no significant change in sur- 
vival-curve parameters for irradiation in the ab- 
sence of the phantom or at a depth of 8-7 cm in the 
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Change in oxygen enhancement ratio with depth in tissue-equivalent material 


m Separate Air - Nitrogen Controls 





2.0 € Pooled Controls 
S 
2 
c 1.9 
"s 

1.0 

No 
Phantom i " H 
Depth (cm. ) 
Fic. 2. 


Anoxic Gain Factor as a function of depth in the phantom. 
The gain factor is the ratio OER for X rays divided by 
OER for neutrons. 


tissue-equivalent liquid, and the values of the OER 
are comparable with previous measurements using 
the same P-388 leukaemia cells (Berry and An- 
drews, 1961; Berry, 1968). For irradiation with fast 
neutrons from the M.R.C. cyclotron, the slope of the 
survival curve for cells irradiated under aerobic 
conditions was unchanged at all depths in the tissue- 
equivalent phantom (so that it was statistically ac- 
ceptable to fit à common curve to the data at all 
depths from 0-23-3 cm). However, the slope of the 
survival curve for cells irradiated in nitrogen be- 
came steeper with increasing depth in the phantom 
and the OER was correspondingly progressively re- 
duced (Table I). The results with full backscatter at 
the surface of the phantom are not significantly dif- 
ferent from those in the absence of the phantom. 
In Fig. 2 the Anoxic Gain Factor (mz/m, where m 
is the OER) is plotted as a function of depth in the 
phantom. Use of separate controls increases all 
values of OER in the same way and leaves the Anoxic 
Gain Factor unchanged. 


DISCUSSION 
The present results confirm the earlier observa- 
tion that the response of P-388 leukaemia cells to 
irradiation with fast neutrons of 7-25 MeV mean 
energy is less affected by the presence or absence of 


oxygen when the cells are irradiated at a depth in a 
tissue-equivalent phantom than when they are irrad- 
iated in the absence of the phantom (Berry, 1971). 
The regularity of the change in anoxic sensitivity 
with depth and the lack of any similar change when 
irradiated with X rays makes it difficult to suppose 
that the results could be due to some unsuspected 
factor having a differential effect in and out of the 
phantom. This change in the biological effect of 
collimated beams of fast neutrons takes place in the 
absence of any obvious change in neutron spectrum 
above 2 MeV (Field and Parnell, 1965) and in spite 
of an increase in the y-ray contribution to the total 
dose which would of itself increase the OER. Such a 
change in hypoxic protection at a depth in tissue 
would increase significantly the potential therapeutic 
gain factor in the treatment by fast neutrons of 
deep-seated tumours containing significant numbers 
of hypoxic cells. However, at least two other cell 
lines of tumour origin show no change in OER, or 
indeed in any of the parameters of the response, 
when irradiated at different depths in tissue-equiva- 
lent material exposed to a collimated beam of fast 
neutrons (McNally and Bewley; 1969, Nias et al., 
1971). By contrast, two experiments have shown aif 
increase in RBE under aerobic conditions when the 
neutron spectrum was modified by the addition of a 
lower energy component. Railton et al. (1973) modi- 
fied a beam of 14 MeV neutrons with a ?95U conver- 
ter plate and found an increase in the RBE of Chin- 
ese hamster ovary cells irradiated zm vitro but no 
change in OER. Broerse et al. (1971) noted a sig- 
nificant increase in the radiosensitivity of mouse 
bone-marrow colony-forming units i vivo as a 
result of collimating a beam of 14 MeV neutrons. 
The addition of the collimator produced only a 
small change in the neutron spectrum compared to 
the change introduced by Railton et al. (1973) 
with the converter plate. In addition, recent ex- 
periments with Ehrlich ascites cells, using the same 
set-up as was used in the experiments described in 
the present paper, suggested a small increase in OER 
when the cells were irradiated with fast neutrons at a 
depth of 8-7 cm in a phantom (Bewley et al., 1975). 

This variation of observed response prevents 
any simple statement of "rules" for mammalian 
cells. T'he change in response of P-388 cells to fast 
neutrons at a depth in tissue may reflect quite subtle 
changes in neutron spectrum. It may be of relevance 
that the only cell ty pes which appear to be exquisitely 
sensitive to changes in neutron spectrum, the P-388 
leukaemia cells and the bone-marrow,colony-form- 
ing units, were both derived initially from haemo- 
poietic tissue. Clearly a wider variety of cells both 
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from tumours and normal tissue needs to be irradia- 
ted with fast neutrons of different energies and in 
collimated beams of fast neutrons at various depths 
in tissue-equivalent materials. However, the varia- 
tion in response of murine P-388 leukaemia cells 
to irradiation with charged particle track segments 
of varying and known ionization density correlates 
with the difference between the response of these 
cells and that of human kidney-derived T-1 cells to 
fast neutrons of different energies (Berry, 1970). 

For P-388 cells, the OER decreases to circa 1:0 
at LET values around 90 keV/um and the OER for 
exposure to fission-spectrum fast neutrons (for 
which the majority of ionizing events are circa 
50-100 keV /im) is close to 1. By contrast, for T-1 
cells the OER remains in excess of 1-5 to ionization 
densities above 100 keV /um and this is reflected in 
an OER around 1:5 for exposure to fission-spectrum 
neutrons (Berry, 1970; 1971). 
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Technique for demonstration of Polaroid photographs 
By J. Masterson, M.B., M.R.C.P.I., D.M.R.D., F.R.C.R. 


Bristol Royal Infirmary, Bristol BS2 8HW 
l (Received Tune, 1975) 


The increasing use of Polaroid photographs to 
record images obtained by various imaging tech- 
niques, such as isotope and ultrasound scanning and 
computer-assisted tomography, poses difficulties of 
display for teaching purposes. The passing from 
hand to hand of a number of small photographs pre- 
cludes the demonstration and discussion of the 
images in a detailed way. The problem of loss of 
valuable clinical records or teaching material is an 
additional consideration. While the use of projec- 
tion slides or an overhead projector is suitable for 
large groups, meeting in a suitably equipped room, 
they are inappropriate for the less formal tutorial 
situation, or for demonstration on ward rounds. To 
overcome these problems, a method of transfer of 
the photographic images on to X-ray film has been 
devised. The method is simple, flexible, and has been 
found suitable and convenient for demonstration of 
scans to small groups. 
The method consists in photographing the Polar- 
oid prints onto 35 mm negative film, developing the 
film in the normal way, and projecting the negative 
image by means of a photographic enlarger onto 
X-ray film, which is then processed in an automatic 
processor. The camera is mounted on a vertical 
column and can be moved nearer to, or further 
from, the Polaroid print which is held flat on a base- 
board by a thin sheet of glass. The print is illumina- 
ted from the side by two lamps, set at 45 deg. to the 
baseboard (Fig. 1). 
The film used is a 125ASA panchromatic film 
such as Ilford FP4. It is developed in a moderately 
fine-grain developer such as Kodak D76, Ilford 
ID11 or Microphen, or Paterson's Acutol. 
The negative image is then projected by an enlar- 
ger onto X-ray film (Fig. 2). Various tvpes of film, 
including single-emulsion and copy film have been 
tried. The blue base of Kodak Blue Brand R.P. 54 
film gives a tone range which of those films tried 
approximates most closely to that of Polaroid prints. 
The use of X-ray film has a number of advantages: 
(1) It is readily available in X-ray departments in a 
wide range of sizes. 

(2) It is easy to process in an X-ray department. 

(3) Its base 1s sufficiently rigid to allow ready de- 
monstration on standard viewing boxes. 


(4) The emulsion is durable and resists damage. 

Disadvantages are: 

1. The high sensitivity of the emulsion to light 
which makes the use of a neutral grey filter in the 
enlarger necessary to achieve controllable exposures 
(e.g. five to ten seconds at f5.6). 

A suitable filter may be made from a piece of 
non-screen X-ray film given a “fogging” exposure. 
The filter the author uses was made by so exposing 
a sheet of 3M Type S non-screen film, with a single 
envelope packaging, at a tube-film distance of 100 
cm at 70 kV 60 mAs. A piece of black card is placed 
on the enlarger baseboard to prolong exposure time 
by reducing reflected light. 

2. The theoretical unsharpness due to projection 
of the image onto film with emulsion on both sides 
separated by a finite distance, resulting in two ima- 
ges of slightly different size superimposed on each 
other, has proved to be a theoretical rather than a 





1. THIN SHEET of GLASS. 

2. POLAROID PRINT. 

3. BASEBOARD. 

L. LAMP SET at 45° to BASEBOARD. 

5. VERTICAL COLUMN for MOUNTING - CAMERA. 
6. CAMERA MOUNTED on VERTICAL COLUMN. 
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FIG 


practical problem, no lack of sharpness being notice- 
able 
l'he image produced in the emulsion on the un- 
derside of the film lving on the black card on the 
nlarger baseboard, mentioned above, is presumably 
fainter than that on the uppermost side, and this 
probably reduces the possibility of noticeable un- 
shar pness dui to two images. 
Che author uses a Pentax SP500 single-lens-reflex 
imera, with a built-in through-the-lens exposure- 
meter, and a Zenith UPAS portable enlarger. The 
itter can easily be set up in an X-ray darkroom, 
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Enlargement of ultrasound scan of a pregnancy onto 14 in. 

square film. The inset shows the relative size of the original 

Polaroid photograph. The film view-box is included for 
relative scale 


thereby enabling the easy and immediate checking 
of results, as film-processing facilities are to hand 
and any alterations in exposure deemed necessary 
can be made 
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A Monte Carlo approach to the accuracy of cell-survival curves 
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l'he application of statistics to biological problems 
can present considerable difficulties to the biologist 
particularly 


when th« problem does not conform 
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standard textbook method. ‘These 


be circumvented 
using random numbers (Monte Carlo method) to 
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provide a direct approach that does not involve a 
detailed mathematical knowledge of statistics and 
which provides useful quantitative information about 
the errors arising under specific conditions. 

The method involves constructing a computer 
program that will generate artificial survival curves 
for any type of desired survival equation assuming 
particular values for the equation parameters; for 
instance, a simple multitarget equation with chosen 
values of Dg and N. The exact survival values are 
calculated for specified radiation doses and then 
"experimental error" is introduced by altering the 
values calculated, in a random manner, in such a 
way that they conform to a particular probability 
distribution with a specified standard deviation. By 
generating many of these curves and obtaining 
estimates of the value of Do and N for each curve, 
using whichever curve-fitting method that is 
required, one can obtain a frequency distribution of 
the estimated values of Do and N. By this means one 
can quite straightforwardly investigate theimportance 
of a wide variety of factors which influence the accu- 
racy of the estimates of radiobiological parameters. 

For instance, the method allows one to combine 
errors that conform to different probability dis- 
tributions such as the Poisson distribution for the 
random nature of cell colony counts and a log- 
normal distribution for survival as a result of a 
normal distribution in radiation dose. Linear 
regression requires theoretically that the survival 
values are independent measurements and so each 
should be based on a separate set of control data. In 
practice, only one set is used for all the survival 
values in one experiment, and the extent to which 
this influences the estimates of Dg and N and their 
standard errors can be examined. 

One can investigate the effect of employing 
different criteria for the best fit to the survival 
points, such as xy? or even the statistically inadmis- 
sible use of the simple sum of the deviations from the 
mean, which has the effect of giving much less 
statistical weight to the “way out" survival values 
that are the bugbear of the experimenter. 

The effect of different mathematical transforma- 
tions of the survival when using linear regression 
can also be compared. For instance, for the simple 
multitarget equation the In(—In(1—.$)) transforma- 
tion considered by Gilbert (1974) is linear down to 
lower radiation doses than the conventional In S 
transformation provided that N is large, while In S 
is linear for all doses if N —1. It is readily ascertained 
which is the better of these two transformations 
under specific conditions and how much bias in the 
estimates is likely to occur. 


The simple Monte Carlo method described can 
also be of use for investigating the validity of more 
complicated statistical procedures. A particular 
example is the Pike-Alper program (1964), which is 
used for determining “dose modifying factors" 
(ratio of Do values when two survival curves are 
assumed to have the same extrapolation number). 
This program first calculates Do and N for the two 
survival curves by linear regression on the linear part 
of the survival curve. It then fits the same data, 
assuming that the two curves have a common value 
of N, and using the F-test for comparing variances 
determines whether this second fit, with only three 
parameters, is statistically worse than the first, four- 
parameter, fit at the 5 per cent level of probability. 
If the three-parameter fit is not significantly worse 
than the four-parameter fit (it can never be better), 
the Do ratio, assuming a common N, is taken as the 
best estimate of the dose modifying factor. 

Consider, first of all, two survival curves with the 
same N —2 and different Do values of 100 and 300 
rad. Assuming the first curve had five points over 
the range 300—700 rad and the second curve five 
points over the range 900-2,100 rad and that 
survival was log normally distributed with a standard 
deviation equal to 20 per cent of the mean survival, 
200 pairs of curves were generated and fitted as out- 
lined above. Of these 200 “experimental” curves, nine 
were rejected as having different N values and the 
ratio of the Dg values for the remainder was 3-00 
with a standard deviation of 0-09 when a common N 
was assumed. The ratio of the Do values for direct 
linear regression was 2-99 with a standard deviation 
of 0:32, which bears out the statement by Pike and 
Alper (1964) that when the true N values are the 
same the method gives a more precise estimate of 
the dose modifying factor. 

Now consider the case where the N values were 
not equal, by making a single change to the previous 
example. By assuming that the Do-=300 rad curve 
had N —1 instead of 2 we obtained the distribution 
shown in Fig. 1. Of the 200 pairs ot curves, 150 were 
accepted as having a common N and the two 
distributions were moved towards each other 
compared to the distributions when direct linear 
regression was used. This is because on average the 
greater N value belongs to the Do==100 curve, and 
assumption of a common N will increase the Do 
estimate, while the opposite occurs with the Dg —300 
curve; thus the ratio of the Dp values tends to be 
reduced (Fig. Id). The ratio of the Dg values, 
assuming a common N, is shifted so that fhe mean is 
at 2:64 compared to the true value of 3-00, and not one 
of the 150 individual ratios is as great as the true value. 
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This second case demonstrates that, under 
circumstances which might well occur in practice, 
use of the Pike-Alper program can lead to an 
appreciable systematic error (well beyond the 
expected standard error) in estimating the Dy ratio 
of two survival curves, if in fact the N values are not 
equal. 

Indeed worse data can lead to an apparently more 
accurate Do ratio. For instance, if an experiment is 
repeated it may be found that one experiment does 
not permit a common N to be assumed, whereas the 
other experiment, with a slightly larger variation, 
does allow a common N to be assumed. The Pike- 
Alper program will then usually give a smaller 
standard deviation for the less accurate results. 

It is not fully apparent to us why the statistical 
test employed for justifying the assumption of a 
common N is inadequate. It can be argued that 


TABLE I 
Ratio or Do VALUES FOR DIFFERENT LEVELS OF PROBABILITY 
USED IN ACCEPTING CURVES WITH A COMMON N AND ALSO THE 
RATIO WHEN A COMMON JN I8 NOT ASSUMED. 
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failure to show that a difference between the 
estimates of two values of N is statistically significant 
at the 5 per cent level of significance is not sufficient 
for one to conclude that they are equal. Surprisingly, 
however, making the test for a common N more 
stringent, by increasing the level of probability 
above which pairs of curves are accepted as having a 
common XN, does not improve the estimate of the 
Do ratio (Table I). It is evident, therefore, that use of 
the Pike-Alper program is justified only when there 
is external evidence that the two survival curves have 
the same value of N, and then it will give a useful 
increase in accuracy. 

The examples outlined illustrate the usefulness of 
a simple computer program using random numbers 
for estimating the accuracy of estimates of cell- 
survival curve parameters and the ease with which 
quite complex and intractable problems can be 
analvsed directly to give quantitative answers to 
specific questions, with only a rudimentary know- 
ledge of the mathematics of statistics. Furthermore, 
the need to specify the magnitude and distribution 
of errors that may influence experimental results has 
a salutary effect in forcing the experimenter to 
consider the various sources of error to which his 
results are subject. 
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A vascular ureterogram 


By T. Sherwood, M.B., M.R.C.P., F.R.C.R., and D. |. Williams, M.D., M.Ch., F.R.C.S. 
The Institute of Urology and St. Peter's Hospitals, at the Shaftesbury Hospital, 172 Shaftesbury Avenue, 


London WC2H 8JE 
(Received October 1975) 


Case History 

in eight-year-old boy had always done less well than his 
healthy twin brother. He was found to be in renal failure, 
with a blood urea of I5 mmol. B. and glomerular filtration 
rate of 9 ml./minute (corrected ED'TA clearance). 'The clini- 
al diagnosis was an incomplete variant of the prune-belly 
svndrome. On the early films of the renal areas the intra- 
venous urogram showed haloes of contrast medium outlin- 
ing radiolucent spaces, and these spaces were opacified by 
24 hours (Fig. 1). They were misinterpreted as distended 
calices. Their linear shape and infero-medial position should 
be noted, not in keeping with this diagnosis. 

On surgical exploration the ureters were dilated, tortuous, 


ind rather inflamed. Both kidneys were small, lying well 


above the contrast shadows seen. In retrospect the early 
films therefore showed the opacified walls of the abnormal 
ureters. This effect has been called whole-body opacification 
and derives from contrast medium in the intravascular and 
also interstitial (extracellular) space. It can be very useful 
for outlining avascular cystic spaces in the infant. In our 
patient the grossly dilated ureters of the prune belly syn- 
drome were lit up in this way, and confused with the 
well-known ''shell nephrogram" of distended non-opaci- 
hed calices. 
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4) Intravenous urogram 


(n) The 24-hour film shows the ureters opacified 


H 


l. 


ten-minute film. Contrast medium outlines the walls of the tortuous, dilated ureters (arrows). 
The kidneys are above, small, and poorly opacified. 


these are not distended calices. 
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Radio-isotopic and radiological investigation of regional lung function" 
Abstracts of papers read at a meeting held at the Edward Lewis Theatre, Middlesex Hospital Medical School, 


London, W.1, on Wednesday, October 15, 1975. 


Physiological aspects of regional pulmonary blood flow, by J. M. B. Hughes. 
Radiological assessment of regional blood flow, by D. H. d uua 


Clinical applications and limitations of lung perfusion scans, by D. N 


Gamma-ray densitometry, by V. G. Cattrell. 


i. Croft. 


Changes in blood flow and ventilation parameters in the lung of the pig after local X-irradiation, by H. F. Moustafa and 


J. W. Hopewell. 


Evaluation of a new macroaggregated albumin kit for lung scanning and its comparison with other agents by W. J. Hannan, 


J. D. Simpson, P. Tothill and M. V, Merrick. 
'The distribution of pulmonary oedema, by I. H. Kerr. 
Measurements of regional lung water with He 
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PHYSIOLOGICAL ASPECTS OF REGIONAL PULMONARY 
BLOOD FLOW 


By J. M. B. Hughes 


Royal Postgraduate Medical School, Hammersmith Hospital 
Department of Medicine, 
Du Cane Road, London W12 0HS 


In the last 15 years measurements of regional pulmonary 
perfusion with radioactive gases or technetium-labelled 
particles have considerably increased our understanding 
of some of the factors determining regional pulmonary 
vascular resistance. Interpretation of patterns of blood flow 
in normal subjects must take into account some of the 
special features of the pulmonary circulation such as 
(a) low pulmonary arterial and venous pressures relative to 
the height of the lung; (b) low vascular resistance; (c) the 
"waterfall" effect in the pulmonary capillaries; (d) opposite 
effects of inflation and deflation of the lung on the dimen- 
sions of the capillaries (or alveolar vessels) and the arteries 
and veins (extra-alveolar vessels). Additionally, in disease 
local pulmonary blood flow may be affected by (a) vascular 
obstruction; (b) destruction or narrowing of the vessels; 
(c) variations in local alveolar oxygen tension. Local 
vascular resistance may be reduced physiologically by 
the opening up of new channels (recruitment) and by dis- 
tension of those already open. 

In chronic mitral valve disease the upper zones receive 
more blood flow per unit volume than the lower zones in the 
upright position. This reversal of the normal distribution is 
probably caused, in the chronic situation, by intimal and 
medial thickening of the arterial vessels in the lower zones 
which are exposed to the highest vascular pressures. Neither 
acetylcholine infusion nor changes of lung volume influence 
this distribution significantly; it is fixed. The factor initiat- 
ing this reversal of blood flow may be acute pulmonary 
oedema. In experimental animals alveolar and (to a lesser 
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extent) interstitial oedema in the dependent lung zones 
is accompanied by a local reduction of blood flow, and 
in erect man a rapid infusion of dextran causes a redistri- 
bution of flow from base to apex. The mechanisms causing 
these changes are principally vascular narrowing from the 
increase in fluid pressure in the interstitium but local 
hypoventilation and hypoxic vasoconstriction may alse 
occur. The mechanisms underlying the redistribution of 
local blood flow in chronic bronchitis, asthma and bronchial 
carcinoma have not received much study as yet. 


RADIOLOGICAL ASSESSMENT OF REGIONAL 
BLOOD FLOW 


By D. H. Trapnell 


Queen Mary's. Hospital 
Roehampton and Westminster Hospital 


A radiologist assessing blood flow looks at the radiographic 
shadows of actual pulmonary arteries and veins and, in good 
quality radiographs, can detect vessels to within about 1— 
13 cm of the pleura—that is, to vessels as small or almost as 
small as the lobular arteries and veins. 

The vessels are normally visible because there is air on 
each side of them. They are consequently best shown by a 
high kilovoltage technique and are invisible if any disease 
process displaces the air adjacent to them. In health 
the proportion of the total shadow contributed by the con- 
nective tissue and vessel walls is so small that the approxi- 
mation of calling the whole shadow a “blood vessel" is jus- 
tified. In some disease states, such as interstitial oedema, 
however, a significant proportion of the shadow is produced 
by perivascular oedema. Fortunately, however, in diseases 
which produce this cuing” of the blood vessels the edges 
of the vascular shadows are blurred. Thus valid inferences 
about the calibre of sharply defined vessels may confidently 
be made. 

Reductions of calibre or 


absence of vessels indicate 
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reduced (or absent) flow in the area. Dilatation of the 
vessels may or may not mean there is increased flow. 
Localized dilatation is a valuable sign of localized increase 
in flow, but if all the vessels appear dilated, the rate of flow 
may be increased (as im left to right shunt) or it may be de- 
creased (as in polycythaemia rubra vera). Generalized dila- 
tation of vessels may also indicate that the blood volume is 
increased (as in polycythaemia rubra vera). 


CLINICAL APPLICATIONS AND LIMITATIONS 
OF LUNG PERFUSION SCANS 


By D. N. Croft 


Department of Nuclear. Medicine 
St. Thomas! Hospital, London SEI 7EH 


Perfusion lung scans are used mainly for the diagnosis of 
pulmonary embolism. In this condition, the accuracy of 
blind reporting and the assessment of the extent of the 
pulmonary lesion is excellent, and is equal to that of pul- 
monary angiograms. Tow and Simon (1975) found that none 
of 296 scans from patients with angiograms demonstrating 
emboli was normal. Thus, the "false negative" rate is nil and 
a normal lung perfusion scan is very strong evidence against 
a pulmonary embolus. Conversely, many pulmonary condi- 
tions other than emboli cause perfusion defects. The chest 
radiograph resolves most of these for it will reveal pneu- 
monia, effusions, carcinoma, etc. In chronic obstructive 
lung disease (COLD) impaired perfusion occurs secondary to 
impaired ventilation and in the presence of a normal 
* chest radiograph. In a personal series of 291 patients, 
COLD was present in 14 per cent (Bateman et al., 1975). 
in such patients combined ventilation perfusion lung scans 
are essential (Williams et al., 1974). Ventilation perfusion 
mismatch correlates well with the clinical diagnosis of 
pulmonary embolus (78 per cent) (Williams et al., 1974), 
with the presence of venous thrombosis in the leg (85 per 
cent) (Browse et al, 1974), and with the pulmonary angio- 
gram evidence of emboli (95 per cent) (McNeil et al., 1974). 
Perfusion lung scans are helpful in diagnosing pulmonary 
emboli in most patients, but not in those with COLD in 
whom a combined ventilation perfusion scan is needed. 
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GAMMA-RAY DENSITOMETRY 
By V. G. Cattrell 


. Department of Medical Physics 
+ University of Edinburgh 


A portable equipment using a source of !9'Cs produces a 
sharply collimated beam of y rays directed onto a crystal 


detector. This beam defines a quasi-cylindrical volume in 

space and an analogue signal is obtained which is propor- 

tional to the change in mass per unit area perpendicular to 
the beam. In a normal chest at tidal breathing the signal has 
two components: 

(1) The "lung pulse" of amplitude 0-1 gm/cm? is correla- 
ted with heart beat and attributed to distension of blood 
vessels within the beam as they accommodate part of 
the stroke volume in systole. With signal averaging 
a "lung pulse” as low as 0-02 gm/cm® is detectable in a 
patient some 25 gm/cm* thick. 

(2) The “respiratory signal’? of amplitude 0.5 gm/cm? 
is produced by air entering the volume and displacing 
soft tissue from within the beam. The “lung pulse" and 
"respiratory signal" can be analysed to reveal changes 
in mechanical properties of tissue and vessels within 
the beam. 

Dog experiments show that the "lung pulse" disappears 
with pulmonary artery occlusion, and that in the normal 
physiological range "lung pulse" amplitude is proportional 
to stroke volume but outside this à quadratic relationship is 
obtained. 

Clinical studies in cases of left lower lobe collapse, 
blockage of descending pulmonary artery and pulmonary 
embolism show the absence of "lung pulse" in affected 
zones but its gradual reappearance after successful treat- 
ment. 


CHANGES IN BLOOD FLOW AND VENTILATION 
PARAMETERS IN THE LUNG OF THE PIG AFTER 
LOCAL X-IRRADIATION 


By H. F. Moustafa and ]. W. Hopewell 
Research Institute, Churchill Hospital, Oxford 


Few reports have been published on the quantitative meas- 
urement of late irradiation damage to the lung as indicated 
by pulmonary function parameters. Using the pig as our 
experimental model, we have studied the effect of various 
single doses of 250 kV X rays on a hemi-lung using a similar 
area of the other lung as a control. 

Changes in pulmonary function were evaluated using 
intravenously injected *3?Xe in saline. This allows repeated 
measurements to be carried out after treatment. This tech- 
nique has also been demonstrated by other authors to be the 
most accurate under conditions of poor ventilation, a condi- 
tion likely to arise following X-irradiation. The accumula- 
tion and washout of the radioactive Xenon from areas of 
interest were measured using externally positioned colli- 
mated scintillation detectors. 

The maximum accumulation of the radioactive gas in the 
areas under investigation expresses its regional blood flow to 
that region. When the subsequent washout curves are re- 
constructed semi-logarithmically parameters of ventilation 
can be calculated. In the majority of cases a three-exponen- 
tial curve was obtained, the first and second exponentials 
may represent well and less well ventilated alveolae in the 
same area, while the third exponential, the slowest, repre- 
sents both the recirculation of the radioactive gas and to a 
lesser extent the slow release of !33Xe dissolved in the fat. 

Changes in pulmonary function have been followed for 
periods up to two years after irradiation, The preliminary 
results suggest that there is both impairment of blood flow 
and ventilation parameters in the irradiated lungs. These 
changes can occur independently of each other, depending on 
the irradiation dose. 
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EVALUATION OF A NEW MACROAGGREGATED ALBUMIN 
KIT FOR LUNG SCANNING AND ITS COMPARISON 
WITH OTHER AGENTS 


By W. J. Hannan, J. D. Simpson, 
P. Tothill and M. V. Merrick 


Royal Infirmary, Edinburgh 


Clinical trials have been performed using the prototype of a 
new macroaggregated albumin (MAA) lung scanning kit 
(code N101) provided by the Radiochemical Centre, Amer- 
sham. Lung views were obtained at various times after 
injection using a gamma camera. In every case there was an 
increase in the background radioactivity with an accumula- 
tion of technetium in the stomach, and also in the thyroid if 
this had not been blocked. There was no evidence of uptake 
of particles in the liver. In some cases where scanning had 
been delayed, lesions were missed because of the large 
background activity. 

Lung clearance curves were obtained for normally per- 
fused regions by plotting the count-rate in selected regions, 
corrected for decay, on a log scale against time. Corrections 
for background radioactivity in the circulation were obtained 
from an adjacent non-lung region. A single exponential 
clearance was obtained up to one hour post injection. The 


for five minutes at 100^C after reconstituting the macro- 
aggregates with technetium, (b) doubling the stannous oxide 
content to 0-6 mg per vial, and (c) doubling the autoclave 
period during the manufacturing procedure. No significant 
differences in lung clearance rates were obtained between 
any of the preparations. 

For comparison, lung clearance rates were obtained in a 
similar manner for MAA and microspheres produced by 
other manufacturers. In each case the lung clearance rate 
was significantly slower than that of the Radiochemical 
Centre’s MAA. 

For each lung agent investigated, clearance information 
was also obtained from profile scans measured using a 
shadow shield whole body monitor, The percentage of 
Tem from particles in the lungs was calculated by sub- 
tracting the contribution to the lung peak due to free tech- 
netium in the circulation. This correction was obtained from 
profile scans of patients who had been given an intravenous 
injection of 9°T'c™ labelled human serum albumin, which 
remains in the circulation. The average lung retention of 
99'T'c at 24 hours for the Radiochemical Centre’s MAA was 
19 per cent, while the corresponding values for the other 
lung agents varied from 27 per cent to 38 per cent. The aver- 
age whole body retention of ?*"T'c* for the Radiochemical 
Centre's MAA was 67 per cent at 24 hours and the corres- 
ponding values for the other agents ranged from 67 per cent 
to 95 per cent. 

The more rapid lung clearance of the Radiochemical 
Centre’s MAA will result in a lower radiation dose to the 
lungs than the same activity of the other lung agents. How- 
ever, this will be accompanied by a higher radiation dose to 
the G.I. tract. The whole body dose for the Radiochemical 
Centre's MAA is not significantly lower than that for the 
other lung agents investigated. 


THE DISTRIBUTION OF PULOMNARY OEDEMA 
By I. H. Kerr 
Brompton Hospital, London, S.W.3 


Alveolar oedema is seen on the chest radiograph as poorly 
defined patchy shadows of a uniform density with no specific 


distribution, apart from the “‘bat’s wing" configuration seen 
sometimes. 

Gravity is a dominant factor in pulmonary oedema and 
fluid will accumulate in the most dependent part of the lung. 

Increase in lung water may be appreciated on a chest 
radiograph without alveolar shadowing. Interstitial oedema 
can be recognized by septal lines, perihilar haze, and peri- 
vascular ‘‘cuffing’’. There is evidence also that upper lobe 
blood diversion in pulmonary venous hypertension is due to 
perivascular oedema in the dependent zones. 


MEASUREMENTS OF REGIONAL LUNG WATER WITH H3!90 


By F. Fazio, C. G. MacArthur, C. G. Rhodes, 
T. Jones and ]. M. B. Hughes 


Department of Medicine and M.R.C. Cyclotron Unit 
Hammersmith Hospital, London, W.12 


Indicator-dilution techniques are being used for estimating 
extravascular lung water (ELW) in vivo. Using tritiated 
water as a diffusible indicator, these methods require exten- 
sive arterial sampling and time-consuming laboratory pro- 
cedures for liquid scintillation counting. Besides, they do 
not provide information on the regional content of ELW 
(RELW). Regional information can be obtained by using 
gamma emitting tracers. Using the cyclotron produced !9O 
labelled water we demonstrated the feasibility of estimating 
ELW by external counting in the dog (Fazio et al., in press). 
The technique has now been extended to man. It is relatively 
non-invasive, requiring only central venous injection of 
isotopes (!i?In as a non-diffusible intravascular indicatos 
and He !9?O as a diffusible indicator) and external recording 
by means of probes collimated over the chest. The total 
absorbed radiation dose is 0-3 rad. This technique provides 
quantitative information on regional blood flow, blood 
volume, and extravascular water volume in the lungs. In 
addition, data on RELW per unit of blood volume or per 
unit of blood flow can be readily obtained. 

Seven normal subjects and 11 patients with various heart 
diseases with little or no radiological evidence of pulmonary 
oedema have been studied in the supine position. ELW was 
elevated above the normal range in all but two patients, the 
increase being more marked at the lung base. This con- 
trasted with normal subjects where the distribution of ELW 
was uniform from apex to base. In order to distinguish 
patients from normal subjects the more sensitive indices 
have been found to be RELW/blood flow and RELW/blood 
volume. 

The technique is suitable for following sequential ac- 
cumulation of RELW in relation to regional blood flow and 
volume in patients with acute left heart failure. 
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MEASUREMENT OF LUNG WATER IN SHOCK LUNG 
AND OTHER CLINICAL STATES 


By W. A. Crosbie 
King's College Hospital, London 


While pulmonary oedema is a common clinical condition the 
ability to detect, measure and follow changes in the amount 
of water in the lungs is poor. A method useful in clinical 
practice is urgently required. The double indicator tech- 
nique developed by Chinard et al. (1962) has recently been 
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applied to experimental states and also in clinical situations. 
It has been found to measure a proportion of the total mass 
of water present in the lungs but does not measure water in 
parts of the lung which are not accessible to the labelled 
water from the lung vascular compartment. Nevertheless, in 
the chronic uraemic subject who develops lung oedema, 
there is good agreement between the clinical/radiological 
assessment and the amount of water detected by this tech- 
tique, Patients without any evidence of excess water in their 
body or lungs have the normal amount of water in the lungs, 
those with a more than 5 kg gain in body weight have double 
the normal value and those with severe pulmonary oedema 
have a threefold increase. It has also been found that patients 
in the intensive care unit who develop acute respiratory fail- 
ure also show an increased amount of water in the lungs as 
shown by this technique, When they improve the amount of 
water detected decreases. Thus, the double indicator tech- 
nique can measure water in contact with perfused capillaries 
in the lungs. But it is an invasive technique; biochemical 
analysis and access to a computer is necessary. Hence, it is 
not a clinical tool. 
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THE RELATIVE CONTRIBUTION OF THORACIC CAGE 
AND DIAPHRAGM MOVEMENT TO REGIONAL LUNG 
FUNCTION 


š By J. B. Ridyard and R. Stewart 


Liverpool Cardio- Thoracic Surgical Centre 
Broadgreen Hospital, Thomas Drive, Liverpool L14 3LB 


Regional ventilation and perfusion were studied using !??Xe 
im two groups of patients (a) ankylosing spondylitis with a 
fixed thoracic cage (nine patients), and (b) unilateral phrenic 
paralysis with healthy lungs (five patients). 
Ankylosing spondylitis 

In comparison with normal subjects, the patients showed 
a reduction in total lung capacity and the amount of inhaled 
Xenon reaching the lung apices was also reduced but the 
distribution of perfused Xenon was normal. 
Untlateral phrenic paralysis 

All patients showed a reduction in total lung capacity to 
which the affected side contributed an average of only 37 per 
cent. There was a decrease in the amount of inhaled Xenon 
and a lesser decrease in the amount of injected Xenon reach- 
ing the lung base on the paralysed side, The distribution in 
the opposite lung did not differ significantly from that found 
in normal subjects, although the proportion of inhaled 
Xenon reaching the lung base was rather less than in the 
normal group. The washout of injected Xenon was normal 
except for slight impairment at the lung base on the para- 
lysed side in one patient and at both bases in another. 


ANALYSIS OF VENTILATION DISTRIBUTION USING A 
GAMMA CAMERA 


By D. Ackery 


Southampton General Hospital 
Shirley, Southampton SO9 4X Y 


Measurements of regional ventilation using scintillation 
probes and 35? Xe have been made for 20 years. Recently the 
gamma camera has been used for this purpose. It has the 
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advantage that the ventilation distribution is given as a two- 
dimensional image which can be related to the chest radio- 
graph. This can be helpful in the diagnosis of pulmonary 
embolism (without infarction) in which there is a mis-match 
between regional perfusion and ventilation. The disadvan- 
tages of using the gamma camera for these measurements is 
its low detection sensitivity compared to probe systems, and 
the difficulty in obtaining routine lateral images which can be 
related to segmental anatomy. 

Ventilation can be expressed by the regional count-rate 
following a single total lung capacity of 133Xe, but the wash- 
out rate of !??Xe, following a rebreathe period, gives a more 
"physiological assessment of ventilation in terms of re- 
gional turnover of gas. Wash-out studies with !3??Xe are 
complicated by extra-pulmonary radioactivitv dissolved in 
blood and other tissue, and the rather low count-rates 
obtained from the gamma camera, even when a high sensi- 
tivity collimator is used. 

Indices of regional ventilation may be computed from the 
133K e wash-out data, but since this is not a single exponen- 
tial function with respect to time, different methods have 
been tried to express wash-out as a simple parameter of 
function, 


THE USE OF THE SHORT-LIVED RADIOACTIVE GAS 
8ixkr™ FOR STUDYING REGIONAL VENTILATION: 
THEORETICAL ASPECTS 


By T. Jones 


M.R.C. Cyclotron Unit, Hammersmith Hospital 
Du Cane Road, London W12 OHS 


The radionuclide “Kr™ has a half-life of 13 seconds and is 
the decay product of cyclotron produced ?! Rb whose half- 
life is 4-5 hours. It is possible to elute $5! Kr? continuously in 
the gas phase by passing air over %IRb bound to a resin 
column. The continual inhalation of 5!Kr" results in the 
radioactivity in the lungs reaching a steady state which 
principally represents the balance between the regional 
arrival of ?! Kr», that is, regional ventilation, and radioactive 
decay of the tracer. This follows since during resting breath- 
ing in adult man ventilatory wash-out of 5!Kr" from the 
lung is secondary to decay of the tracer within the organ. The 
rapid rate of decay effectively freezes the dynamic compon- 
ent of ventilation in a way analagous to breath holding in the 
single breath technique for regional ventilation studies, Thus 
the steady state distribution of 9'Kr* in the lungs as re- 
corded by monitoring the emitted 190 keV y rays with a 
gamma camera, represents a functional image of regional 
lung ventilation (Fazio and Jones, 1975). These ventilation 
images are of high statistical quality and are complementary 
to those obtained for regional lung blood flow following an 
intravenous injection of 9°Tc™ MAA (140 keV). A principal 
feature in using §'Kr™ for ventilation studies is the ability to 
follow minute by minute changes in the distribution of venti- 
lation. This follows since the short half-life results in a 
continuous replenishment of the ventilation image, The 
problems of obtaining quantitative measurements using this 
method are discussed. Particular reference is made to the 
ability to complement the 5!Kr? ventilation image with a 
5! Kr" lung blood flow image as obtained by continuously 
infusing a solution of this tracer intravenously. 
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THE USE OF SHORT-LIVED RADIOACTIVE GAS 8lgrm 
STUDYING REGIONAL VENTILATION: 
CLINICAL APPLICATIONS 


By J. P. Lavender and F. Fazio 
Hammersmith Hospital, Du Cane Road, London W12 OHS 


The theoretical basis of using the short-lived gas *! Kr" in 
steady state to produce a picture of a regional ventilation is 
outlined in the previous paper. The method can be used 
both as a physiological or clinical tool. Thus, in the normal 
subject, pictures can be taken within a few minutes of each 
other to show different patterns of ventilation, The pattern 
with a subject in the erect position can be shown to re- 
distribute on changing to a lying or inverted position. Simi- 
larly, regional lung perfusion can also be shown by infusing 
Krypton intravenously to a steady state and again sequences 
of pictures illustrate changes in regional perfusion which are 
dependent on gravity. 

The method which has been used in some 200 patient 
examinations involves the use of Technetium labelled micro- 
spheres to assess regional perfusion and Krypton is used for 
ventilation scanning. This allows multiple views of the lung 
representing ventilation and perfusion which are taken in 
the same position and all during tidal respiration. Patients 
with acute bronchitis and bronchospasm may show large 
areas of reduced ventilation with a reversal to a normal 
pattern after treatment. These changes are not necessarily 
reflected in the radiographs which may remain normal 
throughout. 

Pulmonary embolic disease is characterized by segmental 
defects of perfusion with normal or near normal patterns of 
ventilation. Lateral views of ventilation and perfusion are 
particularly valuable in giving a clear picture of segmental 
anatomy. Chronic parenchymal lung disease shows complex 
patterns of perfusion and ventilation defects. Although these 
usually superimpose, mis-matching may occur. Broncho- 
genic carcinoma may be associated with defects of both per- 
fusion and ventilation, not predictable from chest radio- 
graphs. Krypton ventilation scanning in such patients allows 
changes following radiotherapy to be documented and can 
be used as a pre-operative surgical assessment of regional 
lung function. Quantitation can be applied to this data to 
give ventilatory exchange of the two lungs separately. 


VENTILATION STUDIES IN INFANTS 
By S. Godfrey 
Hammersmith Hospital, Du Cane Road, London W12 OHS 


The importance of radio-isotopic gas studies in infants and 
small children lies in the fact that it has provided us with the 
only method of studving regional and total lung function at 
an age when other forms of lung function testing are im- 
practical and when many pulmonary conditions require 
evaluation. The technique which bas been developed re- 
quires no active co-operation from the child, causes no 
distress, and presents no significant radiation hazard. 

The child lies supine over a gamma camera under light 
sedation if necessary with a catheter passed through the nose 
to the nasopharynx for the inhalation study and a peripheral 
venous line in place for the perfusion study. In the former 
study a bolus of !3N (0-3 mCi/kg up to 2 mCi) is delivered at 
end expiration and inhaled on the next breath with subse- 
quent washout. In the perfusion study a similar bolus of !3N 
dissolved in saline is delivered intravenously. In both cases 
the arrival and wash-out of activity is monitored by the 
gamma camera linked to a computer system which enables 
corrected regional activity-time plots to be obtained. 

Studies have been carried out in over 40 infants and 


children using this technique and have proved its clinical 
value beyond question. 


PHYSIOLOGICAL DETERMINANTS OF 
VENTILATION DISTRIBUTION 


By J. M. B. Hughes 


Department of Medicine 
. Royal Postgraduate Medical School _ g 
Hammersmith Hospital, Du Cane Road, London W12 0HS 


Local ventilation is related to the inspiratory and expiratory 
forces applied to the pleural surface locally (4P), local com- 
pliance and airway resistance and the overall fow rate and 
tidal volume (Hughes et al., 1972). During normal breathing 
the flow rate will be set by the tidal volume and the inspira- 
tory and expiratory duration. For the same AP, units with a 
high local resistance will receive proportionately less ventila- 
tion when flow rates are high and inspiratory duration short. 
When flow rates are low and inspiratory time long ventila- 
tion will be distributed more according to regional com- 
pliance. The pattern of filling, as opposed to ventilation, 
depends on the local time constant (resistance * compliance). 
In erect normal subjects the upper zones of the lung are less 
well ventilated at low flow rates because the alveoli have a 
higher resting volume than those at the base, and are conse- 
quently stiffer. At fast flow rates apical ventilation exceeds 
basal either because the distribution of 4P has changed or 
because the airways to the relatively over-expanded upper 
zones are wider. . 
With radioactive gases there are basically two types of 
measurement: (a) single breath, (b) wash-in or wash-out. 
Inter-zonal differences should be detected by the former but 
clearance techniques (using gases of lower solubility than 
xenon) are needed to detect subtle intra-regional defects of 
ventilation. Extra information about local mechanics can be 
obtained by inhaling a radioactive gas bolus at different flow 
rates. Local ventilation-perfusion mismatching can be stud- 
ied from the lung clearance of insoluble radioisotopes 
injected intravenously. 
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REGIONAL VENTILATION IN ASBESTOS WORKERS 
By N. N. Stanley* 


University of Pennsylvania School of Medicine, 
Philadelphia, U S.A. 


Regional ventilation was assessed in eight healthy subjects 
and in 14 pipe-coverers with a prolonged (> 20 years) occu- 
pational exposure to asbestos dust. Simple lung function 
tests has shown minimal impairment in overall ventilatory 
function in seven of the workers; four had interstitial fibrosis 
and six had pleural fibrosis evident at the lung bases on chest 
radiography. 

Each subject was studied in the seated position. The 
radioactivity in both lungs was recorded by a gamma camera 
during the wash-out of 133Xe which had been breathed to 





oe Sane 
*Present address: Department of Medicine, The Middlesex 
Hospital Medical School, Mortimer Street, London 
WIN 8AA. 
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equilibrium in a closed circuit. Activity-time plots were 
construeted using data from upper, middle and lower lung 
zones. In healthy subjects the first 70 per cent of wash-out 
was always fastest in the lower zones. In two of the asbestos 
workers, however, the activity declined more slowly through- 
out the whole of wash-out in the lower compared with the 
middle zones. In ten others the fall in activity was initially 
fastest in the lower zones but soon became slower than in the 
middle zones, which caused a cross-over of the lower and 
middle zone curves before wash-out was 70 per cent com- 
plete. These findings are consistent with hypoventilation of 
some lung units within the lower zones and analysis of !??Xe 
wash-out curves may provide a sensitive method for the 
early detection of pulmonary asbestosis. 


EVALUATION OF REGIONAL LUNG FUNCTION USING 
THE OHIO-NUCLEAR REGIONAL PULMONARY 
FUNCTION ANALYZER 


By Patricia M. Warren, D. J. Warren, R. J. Hare 
and A. L. Muir 


Departments of Medicine and Medical Physics 
Royal Infirmary, Edinburgh 


‘The Ohio-Nuclear Regional Pulmonary Function Analyzer 
is à commercially produced multidetector system for deter- 
mining regional lung function using !9?Xe, Results from the 
Analvzer have been compared with those obtained using 
other techniques, both in normal subjects and in patients 
with cardiopulmonary disorders. 

In 28 normal subjects and 18 patients the Analyzer gave 
consistently lower values for vital capacity than those ob- 
tained by spirometry (Y «0-642 X 40-602, r—0-70; where 
X «spirometer, Y = Analyzer) and higher values for residual 
volume than those measured by the helium dilution tech- 
nique (Y 0.962 X+0-715, r=0-78; where X=helium 
dilution, Y — Analyzer). 

In 10 normal subjects and 11 patients, regional lung func- 
tion was measured with the Analvzer and a Nuclear Enter- 
prises Mark 5 gamma camera. The regional distribution of 
radioactivity within the lung following rebreathing of a 
xenon/air mixture from a closed-circuit spirometer system 
showed the regional distribution of lung volume. Ventilation 
distribution was measured using the bolus technique of 
Milic-Emili e af. (1966) and purfusion distribution using 
the method of Anthonisen and Milic-Emili (1966), The 
results from the six regions viewed by the Analyzer were 
compared with equivalent areas of the gamma camera field. 
In normal subjects the two detector systems gave similar 
regional distributions of hing volume (Y —0-981 X --0-043, 


more discrepancies between the gamma camera and the 


X+0-350, r—0:63; ventilation, Y —0-605 X--0-401, r= 
0-54; perfusion, Y=0-545 X+0-411, r--0 51) These 


Analyzer. 
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AN INTEGRATED 13?xXxE REGIONAL PULMONARY 
FUNCTION ANALYZER 


By R. G. Rawbone 


Charing Cross Hospital 
Fulham Palace Road, London W6 8RF 


An integrated system for diagnostic quantitative, static and 
dynamic regional pulmonary function analvsis—both ven- 
tilation and perfusion—has recently been developed by 
Ohio Nuclear. This Analyzer utilizes the isotope Xe with 
detection of intrapulmonary counts by six externally posi- 
tioned scintillation detectors. The Analyzer consists of three 
units : 

(1) A mobile console provides the operating controls, 
digital data display and contains Xenon delivery and re- 
breathe systems, gas trap and computing electronics. 

(2) A stand supporting the adjustable detector array and 
patient chair. 

(3) A gas mixing and storage system. 

A single technician may operate the Analyzer and the 
whole procedure from meeting the patient to presentation of 
analyzed and reported results can be performed in less than 
30 minutes. l 

By calibrating the system, including the patient, at the 
commencement of a study, lung volumes can be obtained in 
absolute terms. The results displayed are: regional vital 
capacity, regional equilibration data after rebreathing, 
differential FER, differential residual volume and wash-out 
data. Following an intravenous injection of !9?Xe, regional 
perfusion data can be obtained. Distribution indices inde- 
pendent of lung volume may be derived. 

The results from 100 studies, including 52 ventilation 
studies and 20 perfusion studies in normal subjects will be 


rc0-86; where X gamma camera, Y= Analyzer); venti- presented. These are shown to be comparable to other pub- 
lation (Y --0-906 X--0-110, r=0-68); and perfusion (Y-- — lished series. Case reports illustrating the clinical application 
0-711 X--0-245, r-- 0-74). In patients, however, there were — of the Analyzer will be demonstrated. 
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THe EpirTOR—Si1R, 

SPoiLT FILMS IN X-RAY DEPARTMENTS AND RADIATION 

EXPOSURE TO THE PUBLIC FROM MepicaL RADIOLOGY 

Whilst all exposure of the public to ionizing radiation 
has been a matter of increasing public concern in recent 
years, and medical radiology contributes the largest amount 
of man-made exposure (approximately one-quarter of 
natural background radiation), such medical exposure must 
be considered separately from all other sources of radiation 
exposure to the public as it is undertaken specifically to 
benefit the individual exposed. It is nonetheless proper to 
inquire whether in current radiological practice reductions 
can be made in radiation exposure to the population—and 
at what cost? Unsupported allegations have been made that 
the need to retake spoilt X-ray films or films of inadequate 
quality adds significantly to the radiation dose received by 
the population from medical radiology. Under the aegis of 
the Radiation Protection Committee of the British Institute 
of Radiology, a survey was carried out during January and 
February 1975 of the numbers and causes of spoilt X-ray 
films in four X-ray departments which represent typical 


examples of the four major types of hospitals, viz. teaching 
hospital, district general hospital (with school of radio- 
graphy), accident and emergency service, and private 
nursing home. The participating hospitals and the con- 
sultant radiologists and/or superintendent radiographers 
who collaborated in the collection of these data are shown 
in Table I. For a period of either one month or two months, 
all films taken in each department were reviewed. The data 
are summarized in Table II. In all four types of X-ray 
departments, the majority of films retaken were required 
because of exposure faults— particularly in films taken with 
portable radiographic equipment. The next most common 
cause of failure was positioning faults, which included selec- 
tion of the wrong beam-limiting cone or diaphragm setting, 
mis-positioning of the cassette relative to the X-ray beam, 
failure to push home the cassette tray, etc. T'he proportion of 
films which were rejected as being non-contributery to the 
examination was significant only in the teaching hospital in 
which a higher proportion of complex procedures were 
undertaken. Known persistent or recurrent machine faults 
in the district general hospital department reflected the 





‘TABLE I 
| Type of hospital Name Principal collaborators in survey 
| Teaching Churchill Hospital, Oxford Dr. F. W. Wright, Consultant Radiologist 


District general 
Banbury, Oxon. 


Accident/emergency 
i Hospital, Coventry 





Private nursing home 


Horton General Hospital, 


Coventry and Warwickshire 


The Acland Home, Oxford 





Miss D. M. Haigh, Superintendent 
Radiographer 

Dr. J. L. Boldero, Consultant Radiologist 
Mr. R. Pinnock, Superintendent Radiogra- 


pher 
Miss D. N. Chesney, Group Superintendent 
Radiceraphér 


Dr. E. W. L. Fletcher, Consultant Radiologist 
Mrs. P. M. Burns, Superintendent 
Radiographer 





TABLE II 





Average Average - 
| Number of | number of number of Number of 
| Type of lexaminationslexaminations| Number of |. films per | Number of |patientswith| Major causes of spoilt 
hospital sampled | per patient | films used | examination spailt films spoilt films films 


Teaching 4,198 


864 518 1, Exposure fault (47%) 
(4-9%,) (12-455 2, Positioning fault (25%) 
3. Film non-contributory 
to examination (1194) 
397 327 1. Exposure fault (33%) 
(8-094) (21-897; 2. Positioning fault nde 5) 
3. Machine fault (14%, yt 
439 *(13-.675) | L Exposure fault 
(6:075) : on 
15 13 1. Exposure fault (8755) 
(3-094) (9:195) | 2. Positioning fault (1325) 


Meran rar armar. —————————————— — rá——X———————————————————————Á——X—————— ——————————————————————————————— 


1,715 (5-795) * (18-094 


District 1,896 1-3 4,995 2:6 
general 

Accident/ 3,951 1-2 7,366 1:9 
emergency 

Private 174 1-2 498 2-9 
nursing | 

home 

Total 10,219 F3 30,359 3.0 





* Calculated value from average number of examinations per patient. 
t Machine in one X-ray room was persistently faulty during period of survey. 
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pressure of work which required continued use of a machine 
known to be troublesome, but machine faults did not make 
a large contribution overall in causing X-ray films to be re- 
taken. Patient movement and non-co-operation were of 
only relatively minor importance in causing X-ray films to 
be spoilt. 

The predominance of exposure faults in causing films to 
be retaken prompted an enquiry into the cost of providing 
automatic exposure control in new X-ray apparatus; 
depending upon the degree of sophistication required, this 
would add circa 17-30 per cent to the cost of a complete 
new installation. Making similar provisions for at least 
some existing X-ray machines is possible, but at circa £2,000 
per machine it is clearly not economically feasible. Providing 
automatic limitation of X-ray field size and cassette line-up 
for over-table tubes in new apparatus would add approxi- 
mately 12-15 per cent to its cost, and such provisions are 
aiready made in all new undercouch systems used with 
image-intensifiers. No automatic control of either exposure 
or position is possible fer portable X-ray generators and 
these are the source of a high proportion of spoilt films in 
current practice—however, portable X-ray generators are 
normally used only in the worst clinical situations with 
very ill patients whose prognosis may be very poor indeed. 

In summary, if the results of this survey are truly typical 
of radiographic practice in the U.K. approximately one 
patent in six who undergoes X-ray examination has at 
least one film spoilt and retaken. Overall, however, this 
results in only eirca 5-6 per cent increase in the population 
exposure to radiation which occurs as a result of medical 
radiography, a very small figure indeed. Providing automa- 
tic controls of exposure and field size on all new X-ray 
machines, which could thus only reduce population exposure 
“by less than 5 per cent of that due to medical radiography 
would add, respectively, up to 30 per cent and 15 per cent 
to their capital cost. The results of this survey are similar 
to those of Koga (1968) who surveyed spoilt films in five 
large Japanese hospitals and found an overall retake rate of 
circa 2 per cent, and ascribed more than 40 per cent of these 
to "radiographer errors", approximately 20 per cent to 
"machine failures", 

Contnuation of the high standard of U.K. radiographic 
practice found in our survey cannot be taken for granted, 
and will result only from maintaining present levels of 
training and supervision; for the present it remains a source 
of justifiable pride. We acknowledge our thanks to all the 
radiographers in the four departments, who participated 
enthusiastically in this study. 

Yours, etc., 
R. J. Berry, 
Chairman 
R. Ouiver,* 
Secretary 
Radiation Protection Committee, 
British Institute of Radiology. 


REFERENCE 
Roga, S5., 1968. Extra exposure to the patient by X-ray 
examination (Reduction of patient dose in X-ray fluoros- 
Popy oa radiography. 3rd Report). Nippon Acta Radiolo- 
pwa, 27, 105-109. 


*Deceased March 6, 1976, 


Tur Eprrog— S1, 
Most RADIOLOGISTS DO ALL THE REPORTING? 

The concept of clinical assistance raised in your editorial 
of July, consequent upon Dr. Emrys-Roberts’ letter, may be 
new to some radiologists. In fact the idea is not new, and I 
have been involved as long ago as 1963 in suggesting their 
walue and use to the Faculty of Radiologists. 


I personally established such a post in the mid-Cheshire 
group of hospitals, and here in Aberdeen we have a G.P. 
clinical assistant working in the teaching hospital department. 
In my experience the system works excellently and has much 
to commend it. 

To those who oppose the idea, I would remind them that 
the future existence of our speciality i is gravely threatened by 
high emigration, poor recruitment and the intrusion of non- 
medical practitioners of physical crafts. 

We need, therefore, to encourage our colleagues to join in 
providing a service of value equally to both general and 
hospital practitioners and so ensuring our speciality's future 
existence, 

The College of Radiologists’ suggestion that all radiology 
is consultant work is patently unrealistic; rather let us put 
our house in order in respect of a career and training 
structure that welcomes clinical assistants into our speciality 
as did the Faculty of Anaesthetists 24 years ago. 

Yours, etc., 

W. M. C. ALLEN. 
‘The City Hospital, 
Urquhart Road, 
Aberdeen AB9 SAU, 


‘THE EDiITOR— SIR, 

THE New SPECIAL NAMES OF SI UNITS IN THE FIELD or 

IONIZING RADIATIONS 

At the meeting of the International Commission on 
Radiation Units and Measurements (LC.R.U.) in July, 
1974, the extensive worldwide response to the previous 
correspondence on SI units (Lidén, 1973; 1974) was dis- 
cussed in considerable detail. A statement on SI units 
was then prepared and sent to the International Committee 
of Weights and Measures, C.LP.M. for consideration. 
In this statement the I.C. R.LU. recommended the adop- 
tion of special names for the SI unit the joule per kilogram, 
J/kg, when applied to absorbed dose and related quantities, 
and for the SI unit the reciprocal second, s~}, when ap- 
phed to the quantity activity as a measure of the rate of 
spontaneous nuclear transformation of radioactive nuclides. 
The L C.R.U. statement was also discussed at the I. A.E.A. 
symposium on Advances in Biomedical Dosimetry, March 
10-14, 1975 (Lidén, 1975) The C.LP.M. treated the 
LC.R.U. proposals with expedience and drafted two reso- 


lutions for consideration by the 15th General Conference of 


Weights and Measures, C.G.P.M. at its meeting in May- 
Tune, 1975. At this meeting, which celebrated the 100-year 
anniversary of the Meter Convention, the C. G.P. M, adop- 
ted the following resolutions: 


"Resolution H 1 

The Fifteenth Conférence Générale des Poids et Mesures, 

— owing to the urgency, expressed by the International 
Commission on Radiation Units and Measurements 
(ICRU), to extend the use of the International System 
of Units to research work and applications in radiology, 

~ —owing to the necessity of making the use of units as 
simple as possible for non-specialists, 

~~taking into account the seriousness of the risk of errors in 
therapy, 

ADOP'TS the following special name of SI unit for activity: 
the becquerel, symbol Bq, equal to the second to the 
power minus one. 


Resolution H 2 
The Fifteenth Conférence Générale des Poids et Mesures, 
-owing to the urgency, expressed by the International 
Commission on Radiation Units and Measurements 
(ICRU), to extend the use of the International System 
of Units to research work and applications in radiology, 
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—owing to the necessity of making the use of units as 
simple as possible for non-specialists, 
—taking into account the seriousness of the risk of errors in 
therapy, 
ADOPTS the following special name of SI unit for ionizing 
radiations: 
the gray, symbol Gy, equal to the joule per kilogram. 
Explanatory note.—' The gray is the SI unit of absorbed 
dose. The gray can also be used with other physical 
quantities expressed in joules per kilogram provided 
these quantities belong to the field of ionizing radia- 
uons." 


Thus the SI unit the joule per kilogram when used for 
ionizing radiation (absorbed dose, kerma, specific energy 
imparted, etc.) is given the name gray with the symbol Gy: 
1 Gy —100 rad=1 J/kg. And the SI unit the reciprocal 
second (one per second) for activity is given the name 
becquerel, symbol Bg. 1 Ba=1 s 2-703 x 10-U Ci. 

Antoine Henri Becquerel (1852-1908) discovered radio- 
activity in 1896 (“rayons de Becquerel”) and was given the 
Nobel Prize in physics in 1903 together with Marie and 
Pierre Curie. 

Louis Harold Gray (1905-65) made one of the most 
fundamental contributions to radiation dosimetry, the 
principle now known as the Bragg-Gray Principle. 

The I.C.R.U. did not recommend to the International 
Committee of Weights and Measures that a special name be 
given to the SI unit of exposure to replace the currently 
used róntgen. 

The I.C. R.U, now recommends that the special units the 
rad, the róntgen and the curie be gradually abandoned over 
a period not less than about ten years and replaced bv the 
SÍ units the gray (Gy) the coulomb per kilogram (C/kg) 
and the becquerel (Bq), respectively, It is desirable that 
preparatory steps be taken as soon as possible by various 
national and international bodies in order to facilitate a 
smooth, safe and efficient transition. 

In its report Supplement to J.C.R.U. Report 19, Dose 
Equivalent (L.C.R.U., 1973) the LC.R.U. published its 
decision that the physical dimension of the quantity dose 
equivalent should be the same as for absorbed dose. From 
the radiation protection point of view the availability of a 
proper set of quantities and units in this field is of para- 
mount importance. The formulation (for selection) of a 
suitable unit for dose equivalent is therefore a special 
problem which will be thoroughly discussed by LC. R.U. 

On behalf of the International Commission on Radiation 
Units and Measurements: 

Yours, etc., 
H. O. WYCKOFF, 
Chairman 
A, ALLISY, 
Vice-Chairman 
K. LIDÉN, 
Scientific Secretary 
of ICRU. 
Radiation Physics Department, 
University Hospital, 
$-221 85 Lund, Sweden. 
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THE Eprror—Sir, 
THE INTRODUCTION oF SI UNITS INTO THE RADIOLOGICAL 
SCIENCES 

Some of us have watched the pathologists introducing 
SI units into their laboratories with a certain fellow-feeling, 
knowing that our turn was soon to come. 

One must applaud the concept of a unified system; it is a 
pity that it has to be quite so rigid. One desirable attribute 
of a unit is that it should be of a convenient size, and the 
fact is that the new unit of activity, the becquerel, is very 
much too small. 

A modest tracer dose will already be in the mega range; 
a therapeutic dose of radioiodine will be expressed in giga- 
bq. and a large cobalt unit will have a source whose activity 
is in the hundreds of terabq. 

I would suggest that the new unit is at least one million 
times too small—it is as if, after metrication, road signs 
were to express distances in millimetres. 

In spite of our good resolutions I cannot see anyone 
greeting the newcomer with any great enthusiasm. 

Yours, etc., 
J. P. NICHOLSON. 


Physics Department, 
Westminster Hospital, 
London, S.W.1. 


REFERENCE 
Boag, J. W., and BiNxs, C., 1976. The introduction of SÍ 
units into the radiological sciences. British Institute of 
Radiology Bulletin, 1,6. 


THE EDITOR—SIR, 
Focar Spor Size 

Measurement of the focal spot size of diagnostic X-ray 
tubes is a subject which has generated many papers within 
the last few years and seems likely to provide the basis of 
many more in the years to come. The recent contribution 
by Robinson and Grimshaw (1975) is open to the criticism 
that it equates the ‘‘actual’’ focal spot size as measured by a 
pinhole method with the “equivalent” (Milne, 1974) size 
estimated with a resolution pattern, Whilst it cannot be dis- 
puted that the limiting resolution of a radiographic system 
is a very useful figure for comparing system performance, 
using this limiting resolution to calculate the size of the 
idealized uniformly emissive focal spot with the equivalent 
limiting resolution can be very misleading. Perhaps it is 
time to drop the concept of focal spot size and substitute 
that of a spot with a specified minimum resolution under 
specified conditions. 

Yours, etc., 
G. WATERS. 

187 Headstone Lane, 
Harrow, 


Middlesex HA2 6LX. 
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‘THe Eniror—Sir, 
ULTRASOUND SCANNING IN A RADIOTHERAPY DEPARTMENT 

Rapid strides have been made in the proper utilization 
of ultrasound pulse-echo systems, and B-scanning ts now 
an accepted technique in diagnostic radiology and ob- 
stetrics (Wells, 1972). These non-invasive methods are 
particularly successful in imaging the outlines of internal 
organs, tumours and cysts in cross-sectional planes, without 
recourse to contrast media. 

Apart from its use by diagnostic radiologists in the de- 
tection and staging of tumours, ultrasound scanning appears 
to offer particular advantages to the radiotherapist in treat- 
ment field planning, although this application has so far 
not been much developed. As confirmed by the reports of 
some pioneers in the field (Brascho, 1974), the following 
merits are almost self-evident: tumour, organ and body 
outlines are visualized, with the patient usually in the 
treatment position, sufficiently accurate for measurement 
and field planning, and for verification of the precision of the 
siting of treatment fields. In particular, the study of scans 
in a number of parallel planes can provide data for planning 
optimum dose distribution in three dimensions. Moreover, 
the safety and high patient-acceptability of the scanning 
technique allows repeated re-assessment of tumour mor- 
phology with consequent early modification of the treatment 
régime, 

At this hospital it has been possible for radiotherapists to 
obtain direct access to a NE4102 Diasonograph, supplied by 
the D.H.S.S. for an instrumental development programme 
in the Department of Medical Physics, without interfer- 
ence in the routine scanning for radiology and obstetrics. 
Already more than 300 patients undergoing radiotherapy 
ireatment have been scanned, and the technique has proved 
invaluable in the following contexts: 


(1) Chest wall scanning, to confirm that the radiotherapy 
field adequately covers the involved region but avoids, as 
much as possible, the underlying lung, is useful for planning 
the treatment of pleural tumours and in the handling of 
post-mastectomy chest-wall sterilization, We also feel that 
we are visualizing, with some accuracy, enlargement of the 
internal mammary nodes. In our experience, water-bath 
scanning techniques are necessary for accurate results. 
(23 Bladder scanning to estimate the extent of the tumour 
within the bladder, its penetration through the bladder wall 
and its extension through the pelvis allows planning of 
radiotherapy treatment to all the tumour, but avoiding 
darnage to the rectum, Te simulate fully the treatment situa- 
tion, patients are scanned with anevacuated bladder. Scanning 
thus also checks the adequacy of bladder emptying. 

(3) Scanning of retroperitoneal tumours for accurate planning 
of radiotherapy treatment facilitates avoiding damage to the 
kidnevs and gut. The response of such tumours to radio- 
therapy or cytotoxic chemotherapy is often rapid and easily 
checked. The patient is usually in the prone position, and 
scanned through the back to avoid the sonically impene- 
trable gut. 

(4) Scanning of tumours such as soft-tissue sarcomata, thy- 
roid, prostate and ovarian carcinomata and skin tumours 
ensures accurate treatment planning, and allows subse- 
quent assessment of the results. 

(8) To obtain patient outline, tumour and organ positional 
information for calculation of dose distribution. Develop- 
ments are in hand for providing these data on-line from the 
scanner to the dose calculation computer. 

In certain cases, heavy reliance is now made on the 
information. from ultrasound scanning since more con- 
ventional investigation would not allow imaging of the 
tumour-affected area in the treatment planes. On occasions 
carefully planned treatments based on conventional plan- 
ning procedures have had to be modified on the strength of 
subsequent ultrasound scans which revealed inadequate 
cover of the tumour or non-optimal treatment field posi- 
tioning. 


It would seem advisable that all radiotherapy departments 
should acquire the necessary expertise and personnel to 
ensure that access to ultrasound scanning systems is easily 
available, both to increase the accuracy of defining the 
tumour-bearing area for treatment planning, and to avoid 
other methods of investigation involving especially invasive 
techniques, as these are often time-consuming, costly, un- 
pleasant for the patient and occasionally hazardous. Further- 
more, we would stress the personal involvement in the 
scanning of both the radiotherapist, as an aid to him in 
treatment planning, and the physicist, to exploit the capabili- 
ties of the scanning machinery to the full. 

It is therefore suggested that ultrasound scanning equip- 
ment should be conveniently accessible to the radiotherapy 
patients and be associated with other planning facilities. 
It is also felt that the difficulties and pitfalls in using this 
scanning modality may be easily overcome if the radio- 
therapist is given the opportunity during training to learn 
and practice the technique. 

Yours, etc., 

P. BApcock. 
Department of Radiotherapy, 
Hammersmith Hospital, 
Du Cane Road, 
London W12 OHS. 

S. LEEMAN. 

Department of Medical Physics, 
Royal Postgraduate Medical School, 
Hammersmith Hospital. 
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THe Eprron-— Sin, 
TIME FOR A REALIGNMENT OF PROFESSIONAL 
ASSOCIATIONS OF RADIOLOGISTS? 

Manv of those who read the statement of co-operation 
issued by the British Institute of Radiology and the newly 
promoted Royal College of Radiologists will have wondered 
why the two organizations have not simply been amal- 
gamated. Certainly the statement detailed an impressive 
list of identical roles. Both organizations aim to continue to 
encourage the practice of diagnostic and therapeutic 
radiology, ultrasound and nuclear medicine. Both associa- 
tions will continue to promote meetings and lectures, and 
each emphasizes the importance of meetings with those 
working in other disciplines. Together they are recognized 
as authorities competent to offer advice on matters relating 
to radiological practice. ''here is some hope that they will 
share the same premises, particularly for the use of the 
editorial staff of the respective journals. The two associ- 
ations assured their members of continued and increasing 
co-operation between related Committees of the two or- 
ganizations. 

There are of course significant dissimilarities. The 
Royal College is charged with the supervision and organiz- 
ation of postgraduate training and qualification in radiology. 
It assumes the responsibility for negotiating with the De- 
partment of Health on professional matters. However, these 
functions would not be disturbed by a merger. The British 
Institute provides a forum in which those interested in the 
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medical use of radiology, whether medical or non-medical, 
may meet on equal terms. An amalgamation would exclude 
non-medical members, but of course an equivalent forum 
could be provided by meetings between the combined as- 
sociation and a special section of an established society 
or a new non-medical group formed for the purpose. 

A federation of the two organizations representing those 
doctors concerned with the medical use of radiation may be 
feasible. Its desirability is another matter. It would per- 
petuate one of the present anomalies in both the Royal 
College and the Institute. The continued close association 
of diagnostic and therapeutic radiology is an anachronism. 
Today the diagnostic radiologist has more in common with 
the other diagnostic disciplines in pathology than he has with 
the radiotherapist. ‘The radiotherapist, concentrating on 
oncology, has greater liaison with other medical and surgical 
therapists than he has with the diagnostic radiologist. There 
are few radiotherapy articles in Clinical Radiology and the 
British Journal of Radiology which are of special interest to 
the pracising diagnostic radiologist, and I suspect, vice 
versa. Witness the small number of articles written jointly 
by therapists and diagnosticians. Witness the difficulty in 
finding new topics for discussions at combined sessions at 
radiological meetings. The association of diagnostic and 
therapeutic radiologists is no more logical than an associa- 
tion between otorhinolarvngologists and ultrasonologists, 
though it has one justification. It is a small step in the 
direction of an amalgamation of all the Colleges. This 
desirable arrangement, which has been achieved in part in 
Canada, would help to develop much greater professional 
cohesion, break down some of the interspecialty barriers, 
and encourage a more uniform standard of specialist train- 
ing and examination. 

The logical solution, that there should be a separation of 
the two disciplines, has the merit of economy. At present 
both therapists and diagnosticians are obliged to support 
facilities, meetings and journals, only a proportion of which 
are relevant to their work. The recent dramatic increase in 
the annual subscription to the Royal College of Radiology 
will have led many to ask themselves if they will continue to 
subscribe to both organizations. Doubtless there will be 
arguments raised in favour of maintaining the status quo, 
and perhaps there are too many influential parties with an 
interest in avoiding change. Perhaps the only practical 
change is to reorganize the present Royal College into two 
separate faculties, for therapy and diagnosis. The most 
substantial objection to the realignment lies in the demise of 
the Institute. Contrary to expectation, the older Institute is 
characterized by youthful vigour and relevance to clinical 
practice, and if this vigour were lost in the realignment it 
would be sufficient to condemn any change. 

In summary, the logical conclusion of the statement of 
co-operation between the British Institute of Radiology and 
the Royal College of Radiologists is that they should amal- 
gamate. This fusion would clear the way for a division of 
the Royal College into diagnostic and therapeutic faculties. 
The new faculties should be characterized by the energy 
and practicality presently exhibited bv the Institute. 

Yours, etc., 
M. J. BRINDLE. 


West Norfolk and King’s Lynn 
General Hospital, 

London Road, 

King’s Lynn, 

Norfolk PE30 5QD. 


(The editors invited Dr. Brindle to write on this subject. 


THE Eprror—Sir, 
ARDRAN/CROOKS PENETRAMETER CASSETTE—NECESSITY 
FOR RE-CALIBRATION 

We have frequently been asked if the penetrameter cas- 
sette described by us (1968) requires frequent re-calibration. 
When this cassette was first designed it was our opinion 
that calcium tungstate intensifying screens did not alter 
in speed with time or use unless obviously worn, abraided, 
stained or dirty; we still hold this view. Our first cassettes 
have now been in use for ten years and have not changed 
their calibration with the exception of one which became 
incorrect at one particular copper reference number (CRN); 
this was thought to be due to local dirt and when thoroughly 
cleaned the defect disappeared. 

We have, however, over recent years, become aware of 
some five or more cassettes made by others in which the 
calibration has been or has become incorrect. In each case 
they have given a low reading for kilovoltage compared with 
the original calibration, particularly in the higher ranges. 
We have checked one such cassette believed to have been 
made in 1972 or early 1973 and which we found to give 
low readings from 80 to 130 kV constant potential; the 
discrepancy gradually increased above 80 kV and the read- 
ing was 8-10 kV low at 130. Recalibration was carried out 
in March 1974 without the cassette having been used since 
it was first calibrated. This cassette has only been oc- 
casionally used since but a re-check of its calibration in 
August 1975 indicated that the low readings now started at 
about 60 kV and increased up to 130 kV at which point the 
reading was still 8-10 kV too low. 

This latter cassette and most if not all the cassettes whose 
calibrations have changed with time used Ilford high de- 
finition intensifying screens which were dyed vellow. Our 
cassettes were made with liford high definition. screens 
which were not dyed yellow and were virtually indistinguish- 
able in appearance from Ilford fast tungstate screens 
which have also been used in the construction of cassettes. 
Our high definition screens were cut from a pair which were 
surplus old stock and comparatively unused. We therefore 
believe that the changes in calibration are associated with 
the yellow dyed screens and the phenomenon could be ex- 
plained if the dye, used to reduce internal light scatter, 
faded and thus allowed the screens to become faster with 
time. We have some evidence that these screens may sta- 
bilize after two to three years. The increase in speed which 
might account for this phenomenon would be approximately 
10 per cent; this would not normally be significant during 
their lifetime. It is obvious that whatever type of intensi- 
fving screens are used it will be advisable to see that they 
are not exposed to light more than is absolutely necessary. 

We have discussed this problem with Mr. A. H. Waller, 
X-ray Product Development Division, Uford Ltd., Brent- 
wood, Essex and he has indicated that he would be willing 
to supply slow screens for penetrameter cassette construc- 
tion which do not include a yellow dye. We are grateful for 
his help. Yours, etc., 

G. M. ARDRAN, 
H. E. Crooks. 
Environmental and Medical Sciences 
Division, 
A.E.R.E. Harwell, and The Nuffield 
Institute for Medical Research, 
University of Oxford. 
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Forthcoming events and other notices 


The editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 
the "Forthcoming events and other notices" section will in future only carry notices of general interestand - 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meetings announcements in the B/R BULLETIN which is 


distributed quarterly to all members, 


Tus Use or HYPERTHERMIA AND Non-lonizinc RADIATION 
IN THE TREATMENT OF Cancer, May 21, 1976 
This meeting to be held at the British Institute of Radi- 
ology, Institute House, 32 Welbeck Street, London W1M 
TPG. Further information from the General Secretary. 


POSTGRADUATE COURSE IN ‘TOMOGRAPHY OF THE TEMPORAL 
BONE 

To be held in Copenhagen, June 3-4, 1976. The course is 
sponsored by the LC.R,, the AER. and the Scandinavian 
Association of Radiologists. 

For further information and registration, please contact 
Dr. Paul E, Andersen, Department of Radiology, Univer- 
sity Hospital, 5000 Odense, Denmark. 


| Hearta Puysics SUMMER SCHOOL 

"Phe 17th annual Summer School in Health Physics 
(Radiation Protection} will be held at Imperial College 
from June 21 to July 2, 1976. 

Enquiries to Dr. H. D. Evans, Department, of Chemical 
Engineering, Imperial College, London SW7 2AZ. 


Breast: Non-Cancerous DISEASES 

To be held in Strasbourg, France, June 30—July 3, 1976. 
The 4th International symposium on Senology, under the 
auspices of the European Association of Radiology. 

The symposium will he preceded by postgraduate 
teach-ins, on lune 28, 29, ultrasonography (by Société 
Francaise d'Echographie) on June 29, thermology (Euro- 
pean Thermographic Association) and on June 29, xero- 
graphy. 

Apart from the postgraduate teach-ins, there will be 
simultaneous translation in the official languages of the 
symposium — English, French and German. 

Further information from Symposium Sénologie 1976, 
Professor Charles Gros, Palais des Congrés, 67000 
strasbourg, France. 


COMPUTERS IN RADIOTHERAPY IN EUROPE 

It is proposed to hold a Workshop at IAEA, Vienna, on 
July 5-10, 1976, organized by the Groupe Informatique, 
AER. with the support of the European Association of 
Radiology. The aim will be to establish the contribution 
that the computer makes at the clinical level in the fields of 
dese computation, clinical records, radiobiology, etc., and 
to determine future development. 

Further information from Dr. D. N. Edwards, Clinical 
Research Unit, Mersey Regional Centre for Radiotherapy 
and Oncology, Clatterbridge Hospital, Bebington, Wirral, 
Merseyside L63 4Y, U.R.; or Dr. T. Moller, Radio- 
terapiklimken, Lasarettet, 5-221 85 Lund, Sweden. 


Finsr MEETING OF THE WonLDp FEDERATION 
or ULTRASOUND IN MEDICINE AND BioLocv 
This meeting, to. be held August 3-7, 1976 in San 
Francisco is the third world congress on ultrasonics in 
medicine, 


Reduced registration fees are payable by members of the 
international sub-group of the British Medical Ultrasonics 
Group. 

Further information from: 1st W.F.U.M.B,, PO Box 
25606, Oklahoma City, Oklahoma 73125, U.S.A. 

For information above B. M.U.G. contact the General 
Secretary, B.I. R., 32 Welbeck Street, London WIM 7PG. 


A SYMPOSIUM ON RADIOISOTOPES IN CARDIOLOGY 

Jointly organized by The British Institute of Radiology 
and the British Cardiac Society will be held on Wednesday, 
September 29, 1976, at the Greenwood Conference Centre, 
Guy's Hospital. l 

A review of the present position will be given by U.K. and 
overseas speakers. A limited time will be allocated to orig- 
imal presentation for which abstracts in not more than 
200 words should be submitted by Tune 30. 

Registration fee: £9-50 including lunch, morning coffee 
and afternoon tea. 

Further details and registration forms will be available 
from The Secretary, British Institute of Radiology, 32 
Welbeck Street, London W1M 7PG. 

Attendance may be limited and registrations will be ac- 
cepted in the order they are received. 


STH CONGRESS OF THE SOCIETY OF HUNGARIAN RADIGLOGISTS 
AND 
i2TH ANNUAL MEETING OF THE EUROPEAN SOCIETY FOR 
RADIATION BIOLOGY 
To be held in Budapest, Hungary, October 19-22, 1976. 
For further information please contact the Congress 
Office (H-1361 Budapest, PO Box 32, Hungary). 


RADIATION PROTECTION: AN EXAMPLE OF ACTION AGAINST 
MopERN HAZARDS 

The LR. P.A. is organizing its 4th International Congress 
at the Paris Convention Centre from April 24-30, 1977. 

The theme will cover scientific, health and technological 
aspects, protection of workers and protection of the public 
and the environment. 

For further information please contact M. G. Bresson, 
Secrétaire-Général du IVéme Congres International de 
PLR.P.A., B.P. no. 33, 92260 Fontenay-aux-Roses, France. 


Hypoxic CELL SENSITIZERS IN RADIOBIOLOGY AND 
RADIOTHERAPY 

The 8th L. H. Gray Conference will be held in St. 
Catherine’s College, Cambridge, on September 5-9, 1977, 
and will discuss subjects ranging from basic mechanisms of 
hvpoxic cell sensitizers to clinical applications of these 
agents. 

Further information may be obtained from Dr. G. E. 
Adams, C.R.C. Gray Laboratory, Mount Vernon Hospital, 
Northwood, Middlesex HA6 2RN, 
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SPECIAL OFFER 
Back issues of the British Journal of Radiology 


Any edition of the B.J.R. up to and including December 1972 which is still 
available. 
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Universal Bucky 


The TR Universal Bucky Stand — the modern aid to 
the busy Department. The rotating movement of 
the tube/bucky support arm meets the needs of 
routine casualty, chest and skull work. The unit 
links with any existing generator and space 
requirements are minimal. It is easy and rapid to 
position — three switches control all movements. 
Options include automatic exposure control and 
automatic collimation of focal distance and 


cassette size. 





DHSS item No. 12/040222 


TODD RESEARCH LTD 


ROBJOHNS ROAD 
[* CHELMSFORD CMI 3DP 
TEL. 62233/7 TELEX 99327 


4 Contact us for details. 





See this Universal > 
Bucky Stand at 
22 Newman St., 
London, W.1 


Permanent display: 
Mon.-—Fri. 9-5 











.he ability to simulate the treatment techniques 
from the various treatment units the 
:t has at his disposal, is greatly enhanced with 
of the *Ximatron' treatment planning simulator 
x many new and improved features. 
F local spot to axis distance variable from 80-120 cm. 
vith pre-set stops at 80, 100 and 120 cm. 
Moto ris ed wire collimator giving 50 x 5o cm. field 





Digital : icld size display. 
Auto oma ic correction of field size readout at pre-set 















ed d lead blades adjustable relative to each 
er, allowing offset field coverage. 

ll scanning ofi image intensifier in 5 planes. 
With a 25 cm. — intensifier fitted, an area of 


All movem ents, with the exception of the table top 
relative to the pedestal tam, are motorised and can 
be controlled from the Remote Control panel or the 

„ocal Control pedestal. 

well-known T.E.M. moving spine table top is 
porated with the Ximatron as standard. To allow 
perator to rapidly position the patient, manual 
ment of the table top is provided. 

urther information and details please write to: 


;. M. Instruments Ltd. : 
Road, Crawley, Sussex RH10 2RG. 


Ximatron Treatment Planning Simulator 


MIS TEM Instruments Limited 





The generator m~ 
at your fingertips. (uaF 
Thanks to “= 
the modular principle. 
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ITI modular means made to measure 


" | 4 The Philips Modular Generator series gives you full control of 
your generator while attending to the patient being examined. 

Sontrols for the Modular Generator are integrated in the DIAGNOST 73, 

Nithin your natural reach so that you can select the appropriate parameters 

or every routine examination yourself. This system of anatomically 

yrogrammed radiography leaves you free to concentrate on the patient, while 

'etaining full control over the generator. 

rhe modular construction allows the installation to be designed to meet your 

specific requirements, and to be extended as your department grows, 

Viodular means made to measure. 











?HILIPS 


1. All controls are, of course, duplicated on the generator desk 


2. + 3. For bucky work on the DIAGNOST 73, or an 
additional unit, the generator desk incorporates 
additional controls for anatomically programmed 
radiography. You are free to distribute the settings you 
require over the available push-buttons in whatever way 
you like 


4. The generators incorporate automatic kV and mA 
control ensuring bright, evenly illuminated fluoroscopy 
pictures. If necessary. you can override the automatic 
settings for special fluoroscopic techniques 


For further details contact Philips Medical Systems 
Eindhoven, The Netherlands, or Philips Medical Systems 
-td., 45 Nightingale Lane, London SW12 8SX. 
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E Systems 


A high precision unit 
providing electronically 
controlled tomography 


M 
s 
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A rigid free-standing high-precision tomographic 
unit, giving Zonography, multi-direction rectilinear, 
circular and tri-spiral movements. 

STRATOMATIC Electronic speed regulation devices according to 
focus film distance provide constant photographic effect 
from at all angles. For simplicity of use and quality of films 

obtained, the Stratomatic is unsurpassed. 


Full details and specifications from 


CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 





vil 


cum AQGFA-t 





The Agfa-Gevaert MR 
mammography system offers 
optimum results using the 
lowest radiation dose. The 
system is a combination of a 
special high sensitive film, 
Mamoray RP 3, with a rare 
earth intensifying screen, 


MR 50, specially created for 
mammography. The MR 50 
screen is blue emitting and 
the Mamoray RP 3 film is 
blue sensitive. This means 
there is no need to change 
the darkroom lighting and, in 
addition, RP 3 is a rapid 


processing film which can be 
run through your processor 
together with other X-ray 
films. 

AGFA-GEVAERT Lid., 

Medical X-Ray Sales Depi., 

27, Great West Road. 


Brentford, Middx,, TWH 9AX. 
Tei 01-560 2131 











at the hospital board — 
radiotherapy department 
to be more eff 
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Fast and efficient treatment does not start with the treatment unit 

In order to ensure maximum patient flow it is essential that the actual treat- 
ment machine is left free to function to full capacity and thus fulfil its proper role. 

This involves introducing a localiser/simulator to the radiotherapy 
department 

Philips have developed a unit that will function with all megavoltage 
equipment, but of course it was designed to be fully compatible with the famous 
SL75 series of linear accelerators and the Cobalt 60 unit 

Simultaneous movements and variable speed control ensure rapid and 
accurate patient set-up. An exceptionally wide range of table top movements, 
combined with the great flexibility of the unit permit optimum localisation and 
simulation of any treatment routine. 

The localiser/simulator’s interactive design means it can be linked to select 
and confirm routines and data print-out. 

The common design philosophy behind all the equipment in the Philips 
integrated Therapy Programme assures that the hospital's long-term plans as well 
quirements are fulfilled. 


E 





as immediate rei 

The Programme includes contact therapy equipment, orthovoltage and 
Cobalt units, and high energy X-ray and electron accelerators. 

All this is complemented with ancillary equipment like a computerised 
treatment planning system. 

In order that the radiotherapy staff can operate at maximum efficiency, it IS 
important that they have the tools with which to achieve this with minimum stress. 

The Philips localiser/simulator is just one example. 

Why not find out more by writing to one of the addresses below! 

Then the hospital board can see just how important the Philips Integrated 
Therapy Programme is to the future of the radiotherapy department. 
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equipment you buy today fulfil your plans for the future? 
Philips Integrated Therapy Programme. 
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Therapax 150 a new Superficial Radiotherapy 











Unit in the 50-150 Kv range 


The Therapax Superficial Radiotherapy Unit has 
been specifically designed by Pantak to meet the new D.HLS.S. 
specification for UK Hospitals - RASMP/75 and provides a dependable, 
easily positioned source of X-radiation in the 50-150 Kv range. 

Therapax is the most technologically advanced unit available 
at this energy level and is based on a widely used and fully proven 
X-ray generator. It provides pre-selected treatment programmes 
with main and back-up timers that ensure optimum patient 
protection. 

Pantak, a British company within the EMI Group has over 
30 years experience in X-ray systems and is in a position to provide 
comprehensive technical and back-up services. 





PANTAK (EMI) LIMITED 
Vale Road, Windsor, Berkshire. Telephone: Windsor 60306. 


A member of the EMI Group of Companies 
Internationa! leaders in music, electronics and leisure 









Any Q 
changed faces 
round your way 
lately? 


Here's a Radiologist who's been given high image quality. He knows 
the patient was given a low dosage, too. One thing he doesn't know. 
The patient moved. Because, as well as high image quality at low 
dosage levels, KODAK 'Lanex' Regular Screens and KODAK Ortho-G 
Film allow greatly reduced exposure times. 

Talk to your Kodak Technical Sales Representative now, and change 
a few faces. 


KODAK 'Lanex' Regular Screens KODAK Ortho-G Film 
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TheUrografin range 
of contrast media. 


Each trade name provides £ Included in the range are two new 
a guide to the iodine concen- presentations: 
tration of the individual a 20ml ampoule of Urografin 310M, 
medium and allows containing a 65% solution of meglumine 
casy calculation of diatrizoate, for use in peripheral 
dosage requirements. arteriography and venography, and 





















aille a 20ml ampoule of 

| Urografin 325 (58%) 
which will eventually 

replace the 25ml 

ampoule currently 
available. 

Further 
information 
available on 
request. 


Schering Chemicals Ltd., 
Pharmaceutical Division, 
Burgess Hill, 

West Sussex RH15 9NE. 
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Urografin| Urografin Urografin Urografin 





150 150 for infusion 290 310M 
formerly formerly formerly formerty 
Urografin 30% | Urogratin 30% Urogratin 60% Angiografin 
for infusion 


xiy 


about our new produ t ine 












Having told you all that, 
we have just one more point to make. 
We have now introduced a range of 
British-made, high quality, 
stainless steel, re-useable percutaneous 
and biopsy needles. 
We hope you will take our point. 
If you would like further details 
of the Cambridge range of catheters, 
guide wires and needles, send for 
a catalogue today. 


Last year, we introduced a new 
product line — a whole new range of 
catheters and guide wires — and very 
successful they are too. 

We told you how the wires, 

British to their flexible core, are 
wound to exceptionally close 
tolerances. And how they feature a 
safety wire, a flexible tip, and 
optional Tefl on coating. 

We told you, too, about our 
disposable catheters, available in 
radiopaque polythene or Teflon tubing. 
How, like the wires, they can be 
supplied ready heparinised. And how 
they are all sterilised with 
ethylene oxide, and sealed in airtight 
peel packs. 












Cambridge Instruments 
Melbourn, Royston, Herts SG8 6EJ 


Telephone Royston (0763) 60611 
Cables Metres Cambridge. Telex 81124 
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SIEMENS 


Thetwo times table. 













Single control cluster for 
@ Infinite variety of 
positions at any table height. 
e Graphic dial with 
international symbols. 


Radi-op from Siemens ek 2 
is a universal table with ug" wv 5 
moveable top that offers you a | 
double operating function. 


Its versatility makes it ideal uL 
for all types of surgery as wellas staff or sterile drapes. 
for standard radiography or The table is extremely stable 
image intensification. due to a positive floor lock system - 
There are just two simple but it's easily moved to any part of 
controls. A moveable arm control the theatre. 
- to select any one of 6 basic Radi-op — a host of features to make 
positions. And a toe pedal — to any operating procedure faster, 
smoothly move the table to the smoother, better. 
required setting. For full product details write to: 
Both controls are easily Siemens Ltd. Medical Group 
accessible from any angle, and Surgical Division 15-18 Clipstone St., 


in no way impede either medical London W1P 8AE Tel: 01-580 2464 


For surgery, for radiography. 
Radi-op from Siemens. 


Improve your Image in 1976 
with C 


The Cleon Imager, capable of both organ 
and whole body scanning, has been 
designed to meet the needs of the busy 
nuclear medicine department. 


In “WHOLE BODY MODE" it has the 
ability to cope with a patient load three or 
four times faster than on a conventional 
rectilinear scanner, at the same time 
providing dual anterior and posterior 
skeletal images of such clarity and 
sharpness that the necessity to repeat 
small-area scans is virtually eliminated. 
When switched to *ORGAN-MODE'", 
scans can be produced with speed 












LEO 


comparable to (and in-depth resolution 
better than) a gamma camera. 


The Imager's display and recording 
options, enhancement of photo-images 
and the capability to playback stored data 
greatly increase its clinical usefulness. 
Reliability, rapidity of operation and high 
patient throughput mean increased 
utilisation and economy, along with 
improved diagnostic efficiency. 


For further details, please contact 
Internuclear Ltd., the U.K. Distributors for 
Cleon equipment. 


Distributors for: Atomic Development Corp: Capintec Inc: Cleon Corps ` 
Matrix Instruments - Medicor: NL Industries Inc. 
INTERNUCLEAR LIMITED, 18 BATH ROAD, SWINDON, WILTS, SNI 4BA. Tel: 0793-30579 
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in only 24 minutes. Slight variations in development 
times produce the exact conti ST required 


And Polycon' has plenty of life: itis usually replenished 
to a minimum of 200 per cent, but can be extended to 


ete 2 
A membe | the Hhóne- Poulenc Group of Gompanwes 








Polyt Perfix' produces highly diagnostic radiographs 


A 562) 





Reach for Polycon/Perfix 


Send for full information TODAY 
aum mm mE eee ee es ee 


ro May & Baker Ltd 
Dagenham Essex RM107XS 


Please send me fullinformation 
Polycon/Perfix’ 


Name 
Hospital 


Address 


olvce and ‘Perfix ate trade marks 


A Y 
THAT DOES CHESTS ONLY, 
IS ONLY HALF A SYSTEM. 


cassetteless chest system with automatic processing is a boon to an 

diology department. In fact, Picker was the first to introduce this concep 
ack in 1968 with the Automatic Chestfilmer. This can handle over a third o 
our department's caseload in a single small room. But what about horizonta 
assetteless radiography ? Picker leads here, too, with the Rapido? whic 

resses speed, efficiency, and superior diagnostic results for another third 
f your requirements. Don t settle for only half a cassetteless system. The 
gical choice is Picker. For Picker has the experience where it counts - 1 
ie field and operating, with over 400 cassetteless systems installed or o 
rder throughout the world 
ull details from Mr. A. J. M.Spaapen, Picker International Operations Gmb 
201 Auringen- Wiesbaden, Feldberg Strasse 6, West Germany. 


PICKER’ 





Inside any 24 hours, hundreds of 
film samples are taken by a 


high-speed con 
from the coating ai 
testing laboratory 


iem large d PIIA AAS processed. Th y are subjected 
films, there's. le "1 | | 
monitoring te 


If one of the para 

matched, instruction: 
signalled to the appropriat 
area and corrective action is 
taken. 

No less than 1,000 tests 
checks. All because we try to 
satisfy the most important 
parameter ofall. | 


Kodak is a trade mark 





Responsible technology 


GEC Medical Equipment Limited 
P.O. Box2 - East Lane - Wembley - Middlesex HA97PR 





| Do you use or choose 


Are you the radiologist or the surgeon whose demands are so critical 
that only the very best will do - at any price? 


Do you like variety, or have you found the one type which meets, 
exactly, all your needs? 


Or are you the one whose responsibility it is to locate and purchase 
the right guide wires at the right price? 


Whether you use or choose guide wires you really should take 
advantage of our offer to send you full details and free samples of 
our range. 


We believe they are the very best available at any price .... but the 
funny thing is .... they are not the most expensive, In fact, you could 
find the better product you have been wanting costs no more, 
probably less, than the one you're currently using or choosing. 


Simply call or write to our General Manager, Don Allen, and mention 


this advertisement. He'll do the rest. We're confident you won't 
regret it. 


THE SELFLEX COMPANY LIMITED 
School Lane, Welling, Kent. DA16 1TT. 


Telephone: 01 303 6343 
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COURSE IN PRACTICAL 
ECHOCARDIOGRAPHY 


Department of Cardiology 
Newcastle General Hospital 
Westgate Road 
Newcastle upon Tyne, NEA GBE 


12th-20th September 1976 


This residential course is intended for physicians 
or senior technical staff interested in the use of 
diagnostic ultrasound in heart disease. Lectures 
will be given on the basic physics of ultrasound, 
the diagnostic uses of echocardiography in valvu- 
lar heart disease, ischaemic heart disease, congen- 
ital heart disease and the most recent advances in 
cardiac ultrasonics. The emphasis of the course 
will, however, be on practical echocardiography. 
There will be individual tuition in the clinical use 
of ultrasound with ample opportunity for par- 
ticipants to perform examinations on all of the 
common cardiac defects, congenital or acquired. 

The course fee is £30.00 and residential 
accommodation with full board can be provided, 
if required, in a University Hall of Residence. A 
limited number of places are available and appli- 
cations should be made to Dr. Stewart Hunter, 
Department of Cardiology, Newcastle General 
Hospital, by 1st July 1976 at the latest. 
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Queensland — Australia 


Diagnostic 
Radiologist 

required to work with partnership in 
Tropical city twenty miles to Barrier Reef. 


Must be experienced in special 
procedures. 


Single fares now - Return air fares after 
12 months. 


Partnership opportunity available. 
Accommodation and Car provided. 
Salary 20,000 pounds Sterling approx. 


Partner available for interview in London 
in July. 

Reply. Box No. 2 British Journal of 
Radidlogy, 32 Welbeck Street, London 
WIM 7PG. 
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QUEENSLAND 
Australia 


The University invites applications for the 
following Foundation Chair: 


CHAIR OF RADIOLOGY 


within the newly created Department of 
Radiology. The applicant should have medical 
and specialist qualifications registrable in 
Queensland, a distinguished research record and 
experience in teaching and administration. 


UNIVERSITY OF 
| 


Closing date for applications 30 June 1976. 


Salary : The salary for a clinical Professor is 
£A29,955 per annum. 


The University provides prescribed travelling 
and removal expenses, superannuation, study 
leave and housing assistance. 


Additional information and application forms are 
obtainable from the Assc ciation of : 


— 


Commonwealth Universities (Appts.), 36 
Gordon Square, London WC1H OPF. 
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Postgraduate Course on 
Tumour Radiology 


The Department of Radiodiagnosis of the University of 
Bristol will hold a postgraduate course on “Tumour 
Radiology : Relevance of Radiology to Clinical 
Management" on 15th and 16th July at the 

University Union, Bristol. 


The theme will be the role of radiology in the 
diagnosis, treatment and clinical management of 
various tumours, and the subjects to be covered will 
include the reticuloses, cerebral tumours (including 
computerised tomography), bone tumours 
(including angiography and correlation of radiology 
and pathology), tumours of upper urinary tract, 
intrathoracic tumours in childhood and pancreatic 
tumours, 


The speakers will be members of the University of 
Bristol Department of Radiology and the staffs of 
United Bristol Hospitals, Royal National Orthopaedic 
Hospital, London, Northwick Park Hospital, London, 
and St James's Hospital, Leeds. 


Application forms from Miss D. Taylor, Department of 
Radiodiagnosis, Medical School, University Walk, 
Bristol BS8 1TD, to be returned by 29th June, 1976. 
Accommodation is available. 
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What do you expect 
from a generator ? 


FLEXIBILITY- EASE OF CONTROL- VERSATILIT Y OF APPLICATION- 
OUTPUT 


Cardangiography General Cine Angiography Coronary Angiography 












Sports Medicine Paediatric Radiology 


Chest Work, Žž oć ož 


Ortho )aedics 











adiological Researc 








LE 
PANDOROS OPTIMATIC 
Offers the following outstanding features 





Selected kV values are ke »pt absolutely constant. Optimal rationalized work at operating consoles assigned to the 
dose yield in consequence of D.C voltage across the individual examination units. Free selection of the 
X-ray tube. High tube currents at low radiographic radiographic factors in single- and two-knob technique 
voltages guarantee high-contrast ‘soft-radiation”’ Constant fluoroscopic image as a result of high-speed 
radiographs with short exposure times. Cine and pulsed electronic control of current and voltage High output foi 
cine operation with any focus up to 1 50 kW Independent teleradiography with reduced geometrical blurring 


reduced enlargement and minimum distortion 


Siemens Ltd Medical, X-ray Group . 
15/18 Clipstone Street. London W1P RAF 01-580 2454 

Branches in Aberdeen, Birmingham, Bristol, Bury St. Edmunds 

Edinburgh Glasgow Leeds, Liverpool, Manchester. Neve astle 

ing Reading 

Agents in Belfast and Newport 
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A NEW POSITRON CAMERA SYSTEM 
FEATURING BOTH MULTI-PLANE 
TOMOGRAPHIC IMAGING AND TRANSVERSE 
AXIAL TOMOGRAPHY.. 
With Count Rate Capability in Excess of 107 Counts Per Second Per Head. 





Based on a prototype developed at Massa- 
chusetts General Hospital, this new System 
manufactured by The Cyclotron Corporation 
is ideally suited to rapid dynamic studies 

In multiplane tomographic imaging, the sen- 
sitivity of this advanced System is one to 
two orders of magnitude greater than that of 
other systems. In the transverse axial 
mode ten independent sections are 
made simultaneously. 

Data acquisition and processing are 
controlled by a dedicated computer 
which is supplied as part of the System. 
Display is fully quantitative with select- | 
able regions of interest. Images are |a 
corrected for attenuation and detector p 
non-uniformity. The System includes 
software and provision for Fortran D. 
programming by the user | 

The Cyclotron Corporation is well- 
known for its compact cyclotron systems | 
which are ideal for production of short 


lived positron emitting isotopes ''C !*N !*O 
and !*F plus other isotopes used in nuclear 
medicine. Generator produced nuclides 
such as 5*Ga and *?Rb also are positron 
emitters and may be used with the System. 


* 


350 Gilman St.. Berkeley, California 94710, U.S.A 
Cable “Cyclotron Berkeley” Tel (415) 524-8670, Telex 910-366-7116 


THE 


CYCLOTRON 


CORPORATION 





— — — — — — — — — -— — 

Please send me more information on | 
O Model 4200 Positron Camera System 

Compact Cyclotrons and accessories | 

{Ag | 
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In the radiological assessment of low 
back pain and sciatica 
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DIMER X 


A new medium of unique character, deep insights 
and penetrating powers of observation 


Investigators have found Dimer X a most 
satisfactory medium for lumbosacral radi- 
culography providing an important range of 
advantages and benefits in this indication 
and in cerebral ventriculography. 


ae MAB May & Baker A member ol the Rhóne-Poulen: 


Full information on Dimer X* 
supplied on request to 

May & Baker Ltd Dagenham 
Essex RM10 7XS 


*trade mark 
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JH. ILFE yI EE .TH 





IG IT'S CRAC (ED UP TO 


Excellent bone detail. 


*ILFEX 90 is the new non-screen filn 
ILFORD v (s h has alread y gained a Widi 


repu tation tor exce len t ba ne detail. 


Return ofa cum pen, 


Those of you who remember th: 

ILFEX will need no persuasion of the qua 
isa 90 secang proces sing version of the sami 
outstanding film with good D Ma 


Sone e convenient to Us 


ILFEX 90 comes in its own li« 
which is moisture-proof. It is very 





extremities, some soft tissues and f 
in the eye. 


Sharp results. 


ILFEX 90 gives mu h sharper resu is tna 
film /se reen con bination. Itis laster than all i] 
COMDEV we And ttixes reliat 


It ¢ e u ab vith any processins 
all chemic cale And the radiographs it produce 
as you would expect, pin-sharp in every det 


Send for your ILFORD rep ntative. 1 
Or p ice an order with your ILFO RI depot. 





ILFORD. 


RD Lirr 


= idon.€ SEX — á 


Tel: Basildon (0268) 27744. 
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ANSAFONE 
SERVICE’ 
Vt. 
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unique padding permits passage of 
X-rays without showing on the plate 


A typical example of the use of 
Polyfoam is the provision of a 
warm and comfortable cover 
for an X-ray couch, thus 

saving patients from having 

to endure a hard, cold surface 
when being X-rayed. 


For further information write or 
telephone. 








Wc hres Lea mS PME SSS EN AACA FE E 








LAA PENA MA ote Rao ivi P AURI ENHeI ABI 


HINDERS-LESLIES LIMITED progress 
-Higham Hill Road - London- E17 6EJ through 


Telephone: 01-531 7172 (10 lines) plus Ansafone research 
(SN; Member of the SMITH & NEPHEW Group of Companies 
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CLWYD HEALTH AUTHORITY 
CLWYD SOUTH DISTRICT 


RADIOLOGY 


Clinical assistant required for four sessions per | 
i 
| 





| CHAIRPERSON 
Department of Radiation Oncology 
The University of Tennessee Center for the 
| Health Sciences is seeking a chairperson for its 
| Department of Radiation Oncology. Candidates 
| should present evidence of clinical and academic 
competence and indicate areas of research 
interest, Interested individuals should contact 
| Or. Charles L. Neely, Chairman, Search Com- 
|  mittee, University of Tennessee Center for the 
| — Health Sciences, BOO Madison Avenue, Memphis, 
Tennessee 38163, USA. 


week based at the well equipped Maelor General 
Hospital, Wrexham. 


D. M.R.D. essential. 


Please apply with names and addresses of two 
referees, to the District Personnel Officer, Clwyd 
Health Authority, Clwyd South District, 16 
Grosvenor Road, Wrexham, Clwyd, as soon as 
possible. 
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City-hospital in a big town in Northern Germany 
| — hasopening for 


| DIAGNOSTIC RADIOLOGIST 
Resident Radiologist | 

| 

| 

| 

| 

| 

| 


Eastern U.S. University invites applications for | 
faculty positions available in general radiology, 
bone radiology, and cardiovascular radiology. 
Excellent opportunities for individuals desiring a 
career of teaching and research combined with 
clinical practice. Responding letter should contain | 
curriculum vitae and personal information the 
individual deems pertinent. ECFMG certificate 
essential. Box No. 1 British Journal of Radiology, | 
32 Welbeck Street, London W1M 7PG. | 
| 
| 


| as per Dec. 1, 1976. Special knowledge in angio- 
cardiography and coronarography is required. 
For further information contact Dr. med P. Trapp, 
2 Hamburg 65, Heublink 36. For further informa- 
| tion contact Box No. 3 British Journal of Radi- 
| ology, 32 Welbeck Street, London W1M 7PG. 
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Greyscale 
Capability 
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The Nuclear Enterprises Diasonograph NE 4102 


has full greyscale capability, with colour option for expansions of Greyscale. Recording facilities 
include Polaroid 35/ 70mm negative film, hard copy, strip chart and video. Full details on request. 


NM 


DIASONOGRAPH NE 4102 
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HEPATOMA IN LIVER (TRANSVERSE SECTION) 
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ASCITES (TRANSVERSE SECTION) 





ne (SY 00 0 HR 


NUCLEAR 
ENTERPRISES 
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SIGHTHILL. EDINBURGH EH11 4EY, SCOTLAND 
Telephone: 031-443 4060 . 
Cables: Nuclear, Edinburgh Telex: 72333 
Associate Companies 

Nuclear Enterprises GmbH. Schwanthalerstrasse 74 

8 Munchen 2. Germany Tel, 53.62.23. Telex. 529938 
Nuclear Enterprises Inc, 935 Terminal Wav. San Carlos 
California 94070. Tei. 415 593 1455. Telex: 348371 
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MCP 70takes the heat 
out of manufacturing 
radiation shields 


i 








o9 | 
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MCP 70 alloy isa new material which com- MCP 70 can be poured directly into poly 
pletely eliminates the high temperatures styrene moulds which have been cut quickly 
ind toxic fumes associated with the present and easily by the Hot Wire system, using 
nethods of lead castina the patient's x-ray plate as a tempiate 

MCP 70 isreplacin lead because Shields produced this way match precisely 

t melts at 70' C (lead is 327 C) the anale of the radiation beam to give 
tisclean.easv and safe to handle exactly the right shape for each patient 

t needs no complex heating, pouring or Forfurtherinformation on the MCP system 
fume extraction equipment Write to:- 


tcan be used by unskilled personnel 

E. pieni quii MINING & CHEMICAL PRODUCTS LTD., 
t requires only low capita! outlay on STUDLEY STREET, BIRMINGHAM. 
equipment Tel: 021-772 4466 Telex: 923455 








In Radiography 


Conray Contrast Media 


Products of distinction in their substance and shadow 









formulations of either meglumine tothalamate, sodium 
thalamate or combinations of the two. These high iodine/low viscosity 









preparations have an established record of excellence in providing wide marains of 
ifety and tolerance for the patient together with optimum visualization in à 
omprenet Ve raha ! radioOqraphyit procedure 













Coray 420, Cardio” Cony. Reto- Co Conray* 

EA MOM, EEMO Contrast Media- 
A salt for all reasons 
Aview of all regions. 












&% [TT] May &Baker | 
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DOING OUR OWN THING... 


and our own thing is "X-ray accessories" —not X-ray apparatus, not 
electro-medical, not surgical, not general hospital supplies, just X-ray 
accessories. 

People all over the world write to us about our speciality but some- 


times they pose problems for our code-conscious Post Office. 





Although very little delay occurred, it would be better if you used our 
correct address and postal code when writing for up-to-date supplement 
sheets for the Tenth (White) Edition of "Everything X-ray". These dupli- 
cated sheets are produced every three weeks and last-minute alterations 
are made by hand before despatch to you. Crude but most effective in 


these days of constant price changes. 


CUTHBERT ANDREWS 


EVERYTHING X-RAY LTD. 


5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 IBE 


.Overseas telegrams: EXRAYZE, WATFORD Telephone: 01-950 2525 


* 





Order Form (Special Report No 9) 


To The British Institute of Radiology 
32 Welbeck Street, London W1M 7PG 


Please send copies of Special Report No.9 A survey of 
images of a - 
phantom produced 
by radioisotope 
scanners and 
cameras — 
Price £2.50 
to: 


Rte AAAI rrii aieeaii AAAA ETNA AEA AAAA A a e Ani a aT TETEE AE te ER TT A aa ainaani a naaa aaa h A 


rt ine i n: minna lay a e e P 
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Cheque/postal order for£ enclosed (pounds sterling) 





Signature 





ISSN 0306-2120 
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ial Report No.9 


r Fory (overleaf) 


i survey of images of a phantom 
9)duced by radioisotope scanners 
cameras 


A Report of a Working Party prepared for the Department of 
Health and Social Security 


This report gives the results of an extensive pilot survey carried out 

throughout the United Kingdom in which the performance of a wide 

range of scanners and cameras was examined, using a special 

phantom designed by Mr. H. S. Williams of the Royal Free 

Hospital. The report shows the considerable variations in image 

appearance and quality that can be obtained from the instruments 

used, each of which was being operated under conditions considered 

by the staff concerned to be optimum for the particular clinical 

abnormality simulated by the phantom. 

It is believed that these results will prove of much interest not only to 

those who took part in the survey but also to many others using such 

instruments. 

Members a the D.H.S.S. Working Party : 
,. Ge C. Gregory 

V. R. McCready 

D. C. Potter 

E. S. Williams 











H.S. Wi ian’ 


Published by The British Institute of Radiology, 
32 Welbeck Street, London W1M 7PG (1976) 





Price £2:50 


1976, British Journal of Radiology, 49, 481-482 
VOLUME 49 NUMBER 582 


JUNE 1976 


The British Journal of Radiology 


Radiology now 


Contrast media for coronary and renal angiography* 


There has been no major change in arteriographic 
media for more than 15 vears. 'The use of dimers, 
non-ionic media and finely emulsified oils for angi- 
ography may be on the horizon, but for the next 
few years the sodium and meglumine salts of the 
tri-iodobenzoates will be the only media in routine 
use. There is wide agreement on the type and dose 
of contrast medium for studies of the arteries to the 
heart and brain but this is not so for the kidney. 

There is no clear evidence that anv one of the 
anions (diatrizoate, iothalamate or metrizoate) are 
superior to any other, but the choice of cation for 
cerebral and coronary angiography can be crucial. 
The best medium for carotid angiography is a pure, 
or nearly pure meglumine compound. Pure meglu- 
mine salts are, however, a poor choice for coronary 
arteriography since there is a high incidence of 
ventricular fibrillation (Snyder et al., 1971). Their 
use had been prompted by the known high risk of 
ventricular fibrillation with the concentrated pure 
sodium salts (Gensini and Di Giorgi, 1964). It has 
now been shown that the closer the sodium concen- 
tration of the medium is to that of plasma, the less 
the ECG abnormalities and the lower the incidence 
of ventricular fibrillation (Paulin and Adams, 1971). 
The media in almost universal use are those that 
contain 370 mg of iodine/ml., with 15 per cent of 
the contrast medium as a sodium salt, the remaining 
major cation being meglumine. 

Renal arteriography is accepted as a reasonably 
safe procedure. There are several transient effects 
on renal blood flow and function, but no long-term 
effects in the vast majority of patients. Renal 
angiography is normally followed by a transient fall 
in glomerular filtration rate (Bunnell and Greene, 
1965), a transient reduction in renal extraction of 
para-amino hippuric acid (Danford et al, 1969; 
Sorby and Hoy, 1968), and a biphasic change in 
renal blood flow: an initial increase followed by a 





*Reprints from: Dr. P. Armstrong, Department of Radi- 
ology, King's College Hospital, Denmark Hill, London, 
.E.5 


longer fall, with rapid return to normal (Russell 
and Sherwood, 1974; Sherwood and Lavender, 
1969; Caldicott et al., 1970). 

The choice of cation for renal angiography seems 
unimportant, the present evidence pointing to only 
marginal and probably insignificant differences be- 
tween sodium and meglumine salts. lodine concen- 
tration and total volume injected are the important 
variables. Solutions with 280-310 mg of iodine per 
ml. are commonly recommended in text-books and 
by most manufacturers, but in a recent survey by 
questionnaire, over half of a sample of 96 angi- 
ographers from the United States of America ande 
Europe use media with iodine concentrations of 370 

mg/ml. or more for selective renal angiography 
(Talner and Saltzstein, 1975). They do so because 
they believe that they obtain more information from 
the angiogram, without an appreciable increase in 
risk. 

Only a few investigators have compared the 
effects of media of differing iodine concentrations. 
Hollenberg et al. (1968) and Metys et al. (1971) 
included agents with concentrations of 280 as 
well as 370 mg.of iodine per ml. in their studies 
on the renal effects of aortography in man. They 
showed no lasting harmful effect. Talner and 
Saltzstein (1975) compared the effects of Renografin 
76 per cent (iodine concentration 370 mg/ml.) and 
Renografin 60 per cent (iodine concentration 290 
mg/ml.)T for selective renal arteriography in the dog. 
At doses of 0-3 ml. per kg. they could show no sig- 
nificant difference for the two media in the renal 
extraction of para-amino hippuric acid (believed to 
be one of the most useful and sensitive indicators of 
renal damage due to contrast agents), or in the levels 
of lactic dehydrogenase in the urine. No abnormal 
histological changes could be identified. The case 
for the judicious use of media with iodine 
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tRenografin is a mixture of meglumine and sodium dia- 
trizoate, the meglumine/sodium ratio being 66:10. These 
agents are marketed under the trade name of Urografin 
in Great Britain (Schering). 
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concentrations of 370 mg/ml. in problem patients 
with normal renal function is strengthened by this 
study. 

But what about the patient in renal failure? The 
available evidence suggests that renal arteriography 
on these patients does not result in worsening of the 
renal failure (Mena et al., 1973; Metys et al., 1971; 
Walsh et al, 1970), provided care is taken not to 
inject whilst the catheter is obstructing the renal 
artery. This risk is greater than in the normal popu- 
lation, since the renal artery is often small in these 
patients. Mena et al. performed selective renal ar- 
teriography with Renografin 76 per centt on 143 
patients with acute or chronic renal parenchymal 
disease, adapting the dose to take account of any 
reduction mi renal 1 mass aad to odd The proce- 
in any of rcc. paced. 

Acute renal failure directly due to renal arterio- 
graphy is rare, but a very small number of patients 
do develop this complication even though the pro- 
cedure has been technically satisfactory and stan- 
dard doses of contrast medium have been used. 
The incidence at the Mayo Clinic was eight patients 
out of 7,800 undergoing abdominal or thoracic 
RENS es (Port et al., 1974). Five out of the eight 
had conditions leading to underperfusion of the kid- 
neys such as congestive cardiac failure, bilateral 
renal artery stenosis and arteriovenous fistula, but 
there is no really satisfactory explanation why a 
tiny proportion of patients should develop such a 
serious response. It does not appear to be related to 
the type or concentration of the contrast medium 
chosen for the procedure. 

The choice of contrast media for angiography is 
often a compromise between diagnostic information 
and harmful effects. The studies quoted suggest 
that media with iodine concentrations of 370 mg/ml. 
do no more harm in the kidney than the less con- 
centrated media at present in widespread use. In 
some patients the less concentrated agents may pro- 
duce perfectly satisfactory angiograms, particularly 


where high-powered generators permit optimum ex- 
posure factors, but for others the use of the more 
concentrated solutions seems justified. 


P. ARMSTRONG. 
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ABSTRACT 

Our study of 100 multiple aneurysm cases show that 66 
survived the initial danger period either with surgery, or by 
conservative treatment. Of these only one may have died sub- 
sequently from bleeding from an incidental aneurysm, dur- 
ing a continuing follow-up period now averaging more 
than seven years. In a separate series of 75 patients 
presenting clinically with subarachnoid haemorrhage it was 
possible to lateralize or approximately localize the site of 
bleeding by CAT in 56; 31 were from aneurysms and 13 
from arteriovenous malformations. In the remaining 19 
cases CAT was unhelpful in indicating the site of hae- 
morrhage; 12 had aneurysms; no cause was found in the 
remainder. CAT was more valuable in localization in the 
seven days following the haemorrhage (86 per cent) than 
later (34 per cent). 

The low risk of bleeding from incidental aneurysms 
makes us feel that treatment confined to the lesion which 
is responsible for the subarachnoid haemorrhage is not 
an unreasonable policy in the large majority of these patients. 
Detailed angiographic study of the site of haemorrhage is 
performed, but once this has been achieved, more extensive 
angiography is not routine, but is determined by the re- 
quirements of the surgery directed at the site of hae- 
morrhage. 


The poor prognosis of patients who have been trea- 
ted conservatively after a recent bleed from an 
intracranial aneurysm makes consideration of sur- 
gical treatment an urgent matter (Pool and Potts, 
1965). The practicability of the various possible sur- 
gical procedures is dependent firstly, on the accurate 
location of the bleeding site, and secondly, on de- 
tailed angiographic study of this region to show 
the anatomy of the lesion and of the adjacent ar- 
teries. 

Location of the region of a haemorrhage is possible 
clinically in only a small proportion of cases (Lock- 
sley, 1969) and plain X rays of the skull, y ence- 
phalography and electro-encephalography are only 
occasionally helpful. Angiography has been the 
most reliable means of establishing the site of hae- 
morrhage as well as showing the detailed anatomy 
(Perrett and Bull, 1959) and frequently, there- 
fore, it was the first study and was only supplement- 
ed by other investigations when there was still 
doubt as to which of multiple lesions had bled. 

Actual leakage of angiographic contrast agents, 
showing that bleeding is taking place during angio- 
graphy, has a poor prognosis and is fortunately rare 
(Jamieson, 1954; Goldstein, 1967; Hoff and Potts, 
1969; Waga et al., 1973). Local displacement of 
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vessels due to haematoma or a more diffuse shift 
due to oedema or infarction are generallv reliable in 
localizing the site of bleeding, but in most cases the 
aneurysms themselves and arterial spasm are the 
only abnormal findings. Large size, multiloculation 
and irregularity of the filled lumen are more common 
in aneurysms which have bled (Kricheff et al., 1964; 
Wood, 1964; Du Boulay, 1965; Heiskanen, 1965). 
Arterial spasm tends to be most marked near the 
site of haemorrhage, though it may be present at 
some distance from it (Pool et al., 1958; Fletcher, 
et al., 1959; Du Boulay, 1963; Allcock and Drake, 
1965; Pool and Potts, 1965; Brawley et al., 1968; 
Katsiotis and Taptas, 1968; Griffith e? al, 1972; 
Symon et al., 1973; Marshall, 1973). When aneur- 
ysms are multiple, some of these features are rela- 
tive and can be best evaluated when the whole 
cerebro-vascular tree has been demonstrated (Kri- 
cheff et al., 1964), and for this reason total cerebral 
angiography is used in many centres, unless there 
is clinical contra-indication. The increased safety 
of contrast media and modern angiographic tech- 
niques make the procedure technically simple with 
small risk of significant morbidity, in the region of 
l per cent in experienced hands (Heinz, 1973). 
Nevertheless, it is not entirely innocuous and is also 
expensive in terms of materials and skilled personnel 
time. It is, therefore, desirable to limit angiography 
to that which is of practical value in the patient's 
management. 

Once the aneurysm responsible for recent bleed- 
ing has been definitely identified and shown to be 
suitable for direct surgery, the presence of other 
aneurysms is only strictly. relevant to immediate 
surgical treatment when modification of the surgical 
approach allows them to be dealt with through the 
same craniotomy. If indirect surgery such as anter- 
ior cerebral clipping or carotid ligation is being con- 
sidered, the presence of incidental aneurysms as 
well as the anatomy of the circle of Willis and the 
location of any stenosis of major cerebral vessels 
may be important and then three or four-vessel study 
may be necessary for immediate management. Up 
to the present time our clinicians have not consid- 
ered it reasonable to subject more than a very few 
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manent’ 8 life de a duh aneurysms are 
known to be present. This policy is based on work 
Suggesting that bleeding from incidental aneurysms 
is unusual (MeKissock et al., 1964) and that the 
morbidity of surgery on such lesions cannot, 
therefore, be justified. However, Heiskanen and 
Marttila (1970) reported a series of 84 patients with 
multiple aneurvsms of which 76 survived the initial 
bleed. Ten of these patients suffered a further hae- 
morrhage from which three died, in a follow-up 
period varying between 11 months and seven years. 
Eight of these bleeds were from previously unrup- 
tured aneurysms, five of which had been shown at 
the time of the previous angiograms, two had ap- 
peared on carotid trees which had previously been 
shown to be normal, while the eighth was on a pre- 
viously unopacified middle cerebral artery. Thus the 
risk posed by these incidental aneurysms could be 
greater than is commonly appreciated, and since the 
morbidity of surgery has been much reduced with 
the advent of the dissecting microscope, it may be 
beneficial to operate on at least the more anatomi- 
cMlly favourable of these aneurysms. 

With our present policy, once an aneurysm res- 
ponsible for subarachnoid haemorrhage has been 
shown to be amenable to direct surgery, or to be 
suitable only for medical treatment, there is no 
logical reason to proceed to more extensive angio- 
graphy, Now computer-assisted transverse axial 
tomography (CAT) is known to be successful in 
showing intracranial haematomas, cerebral oedema 





and infarction (Ambrose, 1973; Hounsfield, 1973; 
Baker et al, 1974; Paxton and Ambrose, 1974; 


Seott et al. , 1974). I n some cases of clinical subarach- 
noid haemorrh: aage where the bleeding has occurred 
directly into the subarachnoid space the preangio- 
graphic localization of haematomas or the regional 
distribution of subarachnoid blood may be helpful 
in determining the site or at least the side of origin 
of the bleeding. In other cases blood in the cerebro- 
spinal fluid is due to extension of silent intracere- 
bral haemorrhage which can be localized easily on 
CAT. 


We present the result of CAT in a small series of 


patients with subarachnoid haemorrhage, mainly to 
decide on its value in preangiographic localization 
of the bleeding site. If this can be established with 
reasonable certainty by atraumatic means, the angio- 
grapher could concentrate on detailed study of the 
appropriate'region in suitable cases, provided that 
the policy of not activelv treating incidental aneur- 
yams continues to be approved. Since the basis of this 


policy is the assumption that incidental aneurysms 
rarely bleed and the literature on this point is am- 
biguous, we considered that an analysis of the sub- 
sequent clinical course of our patients with multiple 
aneurysms discovered during angiography for sub- 
arachnoid haemorrhage would be of interest. 


MATERIALS AND METHODS 

One hundred patients with multiple aneurysms 
were traced by analysis of the angiograms of 667 
consecutive cases of SAH due to intracranial aneur- 
ysm. The number and locations of these multiple 
aneurysms were analysed. Displacement of vessels 
adjacent to an aneurysm, irregularity and multi- 
locularity as well as relatively large size, and 
localized spasm were considered as evidence of 
bleeding when the angiograms were reviewed. All 
the cases were followed up to the present, or until 
death, and any incident suggesting rebleeding was 
recorded and carefully assessed. 

In a separate series of 75 patients with proven 
subarachnoid haemorrhage CAT was performed at 
intervals varying from the day of the haemorrhage 
up to 90 days later. In three cases there were two 
separate haemorrhages, making 78 subarachnoid 
bleeds in all. Any haematomas, their position, 
whether local or dispersed throughout the subarach- 
noid space and the location of regions of cerebral 
ischaemia, which may give rise to areas of low density 
with an absorption coefficient less than 12 units 
were noted. Cerebral infarction resulting from 
severe ischaemia can only be definitely distinguished 
from oedema when serial follow-up scans are per- 
formed: we have arbitrarily classified a low-density 
area with a space occupying effect as oedema and 
one without swelling as an infarct on the initial 
scan. We also routinely recorded the ventricular size 
on CAT, bv subjective assessment when the ven- 
tricles were obviously normal or dilated, but utiliz- 
ing Evan's ratio in borderline cases and for compari- 
son of serial studies in individual patients. 

Angiograms were made in all but three of these 
patients and were assessed in the same way as the 
previous series. In all except three cases the angio- 
grams were performed within 14 days of the first 
CAT. Results are set out in Tables I-X. 


DISCUSSION 
In the multiple aneurysms follow-up series 
surgical treatment was confined to the aneurysm 
which had bled and was by direct occlusion of its 
neck when possible (59 cases). Very occasionally 
the aneurysm was wrapped, when, following expos- 
ure, its neck could not be occluded. Proximal 
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anterior cerebral clipping was employed in a few 
anterior communicating aneurysms and common 

carotid ligation in eight cases with aneurysms 
close to the carotid bifurcation. The relatively low 
percentage of multiple aneurysms in the whole group 
(Table I) is at least partly accounted for by less than 
20 per cent of the patients being subjected to verte- 
bral angiography. It should be noted that the per- 
centage of multiple aneurysms was nearly double 
when the posterior circulation was examined. It is 
likely therefore, that the number of aneurysms 
which were demonstrated (Table II) is considerably 


less than those actually present, that the total of 232 
aneurysms in the 100 patients with multiple aneur- 
vsms is a minimum estimate, and that 14 is an es- 
pecially low figure for those in the posterior fossa. 

It has been claimed that it is possible to recog- 
nize the aneurysm which has bled with an accuracy 
of 95 per cent (McKissock et al., 1964) so that the 
lack of definite angiographic localizing of features 
in 43 per cent of our cases (Table III) is unusually 
high. Although this did influence the treatment of 
some cases, it could not have affected the long-term 
prognosis of the incidental aneurysms and is not 


TABLE I 
INCIDENCE OF MULTIPLE ANEURYSMS 








Carotid angiograms performed in 677 
Vertebral angiography performed in. 131 (19:595) 





"Total cases 667 











Total number of cases of subarachnoid haemorrhage due to aneurysm 677 












69 (12-895) 


Multiple aneurysms shown in | 
31 (23:694) 


Multiple aneurysms shown in 


100 (159) 


—————— ' Á— M 


Multiple aneurysms 


= 
TABLE II 
PATIENTS WITH MULTIPLE ANEURYSMS 
e. 
Number of patients ‘Total number of aneurysms | 
Mun E aama aatan aaan HAAA A nAn en ee E rreran raana paaa | AAAA ia e aan AARAA AAE rine AAAA AAA AA AA AA a E AAA AAAA AAAA AAA aaia AA n r r r a E pmo ace PNE.. 
: | 
Number of aneurvsms 
2 152 i 
3 37 | 
4 16 | 
7 Fi i 
Total 100 232 | 
Distribution of aneurysms | | 
Supratentorial 1 00 | 218 | 
Infratentorial also | 14 | 
i 
: 1 
"Total 114 232 | 
TABLE IH 
ANGIOGRAPHIC EVIDENCE OF SITE OF HAEMORRHAGE 
QN NE QI RNC MM CE ee eee eee Tr | 
| | Large size, irregular 
.. Local vessel wallor multiloculated Both features No localizing | 
displacement only aneurysm present features 
Supratentorial (86 patients) | 
aneurysms only | 7 30 19 30 | 
Combined supra and infra- 
tentorial aneurysms (14 patients) 0 0 1 (13 
» 
‘Total (100) 7 30 20 43 
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TABLE IV 
FOLLOW-UP OF MULTIPLE ANEURYSMS 


ge einan HN Meam rata amara ume real har hadrian ra bg han A aa re am 


| Period of follow-up: 1-18 vears 


teen ener ere anim aaa atn tar main Rin ere M DE an rem mye ma aca 
i 


orent taciti tumentes tentem eid ni hepate tare AV temario s mca hope matr THA t e eit a t ara timum cima masonry 


| 1. Death within two months 29 cases: 19 before surgery 

i 10 following surgery 

i (direct clip or wrap) 

| 2. Alive 1-18 vears 52 cases: 43 treated by surgery 

| | (36 clips or wraps 

| 7 carotid ligations) 

| 9 without surgery 

| 3. Death between 1-18 years Scases: 4 treated by surgery 

| (3 clips; 1 ligation) 

| 1 without surgery 
Total 86 


Leste se adim een PR nannaa nervi air Rr ae i Sr NS i uat SIS Ih S NT ir mie yir a PR e lare SA SAIN Y P ri m Ts PY NA AA P a PH SH SH PATH 


Supratentorial aneurysms 


oo 








Total 


Supra- infratentorial aneurysms 

2 before surgery 

3 following surgery 
(direct clip or wrap) 34 

7 treated by surgery 
(all clips or wraps) 

2 without surgery 


9 cases: 


Ü cases: 


TABLE V 
CAUSES OF THE FIVE DEATHS DURING FOLLOW-UP PERIOD OF 1—18 YEARS AFTER SUBARACHNOID HAEMORRHAGE 








h No. of aneurysms Treatment Time of death Cause Age at death 
| 2a aneurysms on angiogram Carotid ligation Death 3 years | Sudden, presumed SAH, no autopsy 42 
| 2uneurysms on angiogram Aneurysm clipped | Death 4 years | From carcinoma cervix 69 
| € aneurysms on angiogram Aneurysm clipped | Death 4 years | Cause unknown, no autopsy 69 
| 2aneurysms on angiogram | No surgery Death 13 years | From myocardial infarct 79 
| Zaneurysms on angiogram Aneurysm clipped | Death 14 years | Cause unknown, no autopsy 66 





TABLE VI 
PROGNOSIS IN MULTIPLE INTRACRANIAL ANEURYSMS 


3 ear since haemorrhage 


umber of patients 





———— 


pehiai aaa ani MP E enimse] 


—————— ER EE 


relevant in ide present context. It emphasizes the 
importance of other methods of localization of hae- 
morrhage, especially CAT. 

The poor immediate prognosis of subarachnoid 
haemorrhage (Table IV) is confirmed in this series, 
34 cases dying within two months of the initial 
haemorrhage. The prognosis of the 66 cases surviv- 
ing this period was reasonably good. Only five have 


died since the haemorrhage (Table V); in two of 


these the cause of death was completely unrelated 
and in two others it was uncertain, but did not 
follow an episode suggesting a sudden intracranial 
catastrophe. The remaining death, which occurred 
three vears after carotid tie for a terminal carotid 








(Average 7:2 years) 





aneurysm, was sudden and was likely to have been 
due to a further bleed, but this could well have oc- 
curred from the same aneurysm which had bled pre- 
viously. Thus only one of the deaths appears to 
have been due to intracranial haemorrhage and there 
has been no suggestion of haemorrhage in any of the 
surviving cases during an average follow-up of 
more than seven years (Table VI). McKissock et al. 
(1964) in 85 cases of multiple aneurysms had a simi- 
lar high mortality (34 per cent) in the first six 
months following the initial bleed and a relatively 
low mortality (5 per cent) over the next four to five 
years. They considered that any rebleeding was 
usually from the aneurysm which had already bled. 
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Fic. 1. 
Tabel LX. Case 9. ( N.P.) 
CAT Note high-density area due to haemorrhage within 
the 4th ventricle and both cerebellar hemispheres. No 
angiograms were performed. Post-mortem confirmation. 


Fic. 





Even though the results in these series are at variance 
with those previously quoted from Heiskanen and 
Marttila (1970) the combined figures suggest that the 
incidence of haemorrhage from incidental aneurysms 
is sufficiently small to justify our present conserva- 
tive policy of not interfering with the majority of 
them, and, therefore, makes it reasonable to limit 
angiography to that necessary for proper treatment 
of the recently ruptured aneurysm. 

Of our 78 haemorrhages in which CAT has been 
performed, 25 (Tables VII, VIII, IX and X) 
showed a local haematoma (Fig. 1), 19 others an 
haematoma with 
(Fig. 2) and 12 infarction or oedema alone (Fig. 3). 


infarction or oedema around it 
In one patient, who had previously had a cutaneous 
melanoma removed, multiple previously silent meta- 
stases were shown on the surface of both cerebral 
hemispheres. There was haemorrhage adjacent to 
one of them (Fig. 4). Angiography showed causative 
aneurysms in 31 and angiomatous malformation in 
11 of these 57 subarachnoid haemorrhages in 54 
patients. In 20 patients the aneurysm was single, 
but there was definite angiographic evidence that 
it had bled in only six of them. Each of the other 13 





+ 
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Table VII. Case 9. (G.W.) 


(4) CA'T, anterior communicating artery aneurysm. Note two areas of high densitv in the frontal region bilaterally and 
another high density area midline anterior to the 3rd ventricle due to sub and bifrontal haematoma. Two large low-densit 
areas surround this lesion due to oedema-infarct in both frontal lobes. "n 
(B) Left carotid angiogram demonstrating the anterior communicating artery aneurysm, There is separation of the anterior 
cerebral arteries below the genu by haematoma. 
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TABLE VII 
SINGLE ANEURYSM SHOWN ON ANGIOGRAPHY 




















































——————— M 
| CA'T findings Angiographic findings 
EE: MOE ECR INC ee 
| | E | 
| | | Diffuse | 
| | intra- | 
| = | ventricular Localized 
| Case No |] oL | or Days Location | mass 
| and Focal | Oedema/ | subarach- | Ventricular| since of | on 
| initials | haematoma | infarct | noid blood size | bleed Type aneurysm Spasm angiogram 
1. K.N. IR. teneros No No Small 1 R. carotid | R. middle | None IR. temporal 
| parietal cerebral 
—Á—— ru ——— — —— ——————— P— ce ec ACUMEN EC METER 
| 2.1.A | R, anterio E io No Moderate 1 B. carotid | R. posterior} + No 
| temporal | | dilatation communi- 
l cating 
Ce n ACD ES UII EE Ts DAAA A Aai nananana i PA rem nme nt Tu rt ta pea pa ARE EAT rra pe s AMA AA OAA: E ENAA ANANA Aa È aranana AAA ALLY M aA ir AH retra 
| 3. H.W. | No | R. hemis- -+ 12/39 ] 4vessels |R. anterior. | L. anterior| No 
| phere | communi- | cerebral 
| 3a H.W.) L. hemis- | Bilateral ep 14/38 6 (10) cating 
|phereand | para- | 
| | inter-hemis- sagittal 
| | pheric 
| | fissure | 
i i i i 
— À—ÀÀÀ AOSAN O PEE a a a aaa aaa 
| 4. M.H Around L. | No | No Minimal | 2 4 vessels | L. middle | None No 
| sylvian | dilatation | cerebral 
| fissure | | 
i 
op be eee ee 
W > K.E |R. sylvian | No No Dilated Pi 4 vessels | R. posterior; None No 
| fissure | communi- 
| | | | cating 
p —À M AVENUE Sama Dru ane serra, ea aaa eet RUN RETA TOP et ARE TOE NIRE ERE eS ee ee PES 
| 6. | L. medial: | No | Subarach- 12/36 | 2 B. carotid | L. posterior | None L. medial 
| temporal | noid and | communi- temporal 
| | intra- cating 
| | | ventricular 
OLAS |L sylvian | No No Normal 2 | 4 vessels PR. middle | None No 
| | | cerebral 
| & ES. | L, temporal Oedema | 4 L.lateral | 3 B. carotid | L. posterior} None | No 
i | lobe adjacent ventricle | communi- 
| | to clot dilated — | | cating 
| 9, G.W. Bilateral | Infarction No L.occip. | 3 4 vessels Anterior None Subfrontal 
inferior both | horn communi- — 
| frontal i frontal dilated cating 
| around | lobes i otherwise | 
| | aneurysm | normal | | 
La ieee ESI T Ree o aum MM MM Le MHIL cL a ec e Dn A psp rt celsa meque rri LM CT 
No he Moderately; 3 4+vessels | Anterior None No 
dilated communi- 
| cating 
AN CORPER OTL! TEATRO RE MRE en ere a Ew Rc encRemE SENI RENT ERCEPRRRER 
Ei Parasagit- | No 9/35 Ls 4vessels | L. anterior | None No 
| tal bilateral | | communi- 
B f | cating 
m —  —— an A AAAren È arr e Se A ENAA: TEN 
: 12. EM. R. temporal R. hemis- | No L.lateral | 5 4 vessels | R. posterior) None R. tem- 
| Lobe onto | phere ventricle communi- poral mass 
| surface | dilated cating 
SETAS pe ani onani m — P a ranean Ae —QÓ(Ó(€à———————— oC E P: RR: : e — in nlite tae 
| 13. L.D.. | No | No B. carotid | L. posterior | None 
| | communi- 
| | cating 
| | artery 
BENENE dide e ———— € Ó€— —— —————— Á—— (X I —— ——— $ — —— — —HÓ—— (e — AA l 
| I4. C. 5 Subarach- | R. frontal | No B. carotid | L. posterior} None 
| |i noid over communi- 
| | R.frontal | cating 
i |^ | convexity | artery 
MEN DUK NNNM PERE, ace Mere ia 
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TABLE VII 
SINGLE ANEURYSM SHOWN ON ANGIOGRAPHY—continued 























































































CAT findings Angiographic findings 
7 | | 
| Diffuse | 
intra- | 
ventricular | Localized | 
Case No. | or | Days | Location mass | 
and i — Focal Oedema/ | subarach- | Ventricular! since | of | on | 
initials | haematoma |. infarct. | noid blood size bleed Type | aneurysm Spasm | angiogram 
L. frontal | No No | 13/39 7 B. carotid | L. calloso- | None No 
into corpus marginal | 
callosum | | 
See A Rae HMM (SET MER: C NEC RR e tv MN Ta | ees See ee een, | 
L. medial | No | + 6/35 | 7 4vessels | L. posterior) None No 
temporal | communi- | 
| cating | | 
3rd No | -H 14/40 7 4 vessels | Terminal None No | 
ventricle basilar | 
posterior | | 
end | | | | 
MM [a O O 
No No i No Not 11 4vessels |L. posterior| None No | 
| measurable communi- i 
due to cating 
artefact 
ET 4 Street Ne RNA ARAN {nea HH em eren neo mre fer aa ABS Nnm mti PPP N mme m aA AAAA. AAAA E aa e retten E n NN 
19. LW. i R. deep No | No 15/39 9 4 vessels | R. posterior) None | No | 
temporal ; communi- 
extending cating 
into 
R. lateral | 
ventricle | | 
No | No Slightly | 11 L. carotid | L. middle | None No 
l dilated | cerebral 
No No 13/38 11 4 vessels | Anterior Left No | 
communi- | anterior | 
cating cerebral 
No | No 5/38 11 4 vessels | L. internal | L. supra- | No | 
| carotid clinoid | 
| carotid | 
No No Dilated 12 4 vessels | R. posterior| None No | 
communi- 
cating 
“rttrteerttettertmemtrt RM iM eu nan ERR P ETOO OSO: RENE T — ARRIERE ina Pra aA —: 
Lo l : . i 
L. fronto- | No Normal | 14 4 vessels | L. middle | =h Parietal | 
parietal | | cerebral | mass | 
N eee Enero NIRE, | m reet UMANE REC "MM e 
R. parietal | No 6/39 18 4 vessels | R. middle | None No | 
| cerebral 
No No 11/38 24 4 vessels | L. posterior) None No | 
communi- | 
| cating | 
R. frontal | No 10/37 34 B. carctid | R. anterior | None No 
cerebral- 
anterior 
communi- | 
cating | 
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TABLE VIII 
MULTIPLE ANEURYSMS SHOWN ON ANGIOGRAPHY 
ae e 
CAT findings Angiographic findings 
| ep eere : 
i | Diffuse 
: | | intra- 
: | | ventricular 
i Case No. | or Days Localized 
| and | Focal | Oedema/ | subarach- |Ventricular| since Location of mass on 
| initials | haematoma d infarct | noid blood size | bleed Type aneurysm “pasin angiogram 
ANH | In terpe- | Paraven- 14/36 | 0 4 vessels | Basilar T ening 
| | duncular | tricular | R. posterior | basilar 
| cistern | bilat communi- | posterior 
| | 3rd ventricle) cating cerebrals 
s per bed: Wo NENNEN TNR NEN ree ES Senne DURS ENERE C 
| 2. G.H. |L. sylvian | No -j 7/38 | i 4vessels | L. post. None No 
| comm. | 
| | L. mid. 
| | | cerebral 
| | | R. infrac- 
| | L. temporal | | | clinoid 
EM | lobe | No No 7/38 | 4(5) | 
[ 1 i 
= » P. T. IR. quadri- | No No Normal | 1 (14) | B. Cond R. post 
geminal — | | comm 
cistern | R. ant 
| | | | zomm 
Dc "P E re E PNG LAE, LENSE en WINES AIO Denne nee re 
| ŁAC | R. temporal | No No Normal | 1 4vessels | R. ant. N 
j | | cerebral mass 
‘ | | R. perical- 
| | | losal 
! | | | B. internal 
, | | carotid 
: | 2 R. post 
| | | | comm 
meee eerie ERR: MEN n S 
| O5. NLV. | No i No Intra- Markedly | 2 4vessels | R. terminal | R. internal] No 
i | ventricular! dilated carotid carotid -- 
i | | L. supra- |ant. l 
| | j | clinoid cerebrals 
errant NENNEN MN NNNM eee nnn eer MEME MEME) MEME E 
| 6.D.G. | L.. frontal | Adiacent | No Normal | 2 B. carotid | L. middle | None No 
i | lobe clot | cerebral 
| R. middle 
j | | cerebral 
i Bh on ot ey hee teen Oe re a SEAN in ni Mes Bees ae, Aes Re ee oe SEPA 
| LEF | No | IR | + 7/37 3 4vessels | R. internal | R. middle | No 
| | phere carotid cerebrals 
| | diffusely L. middle 
i | | | cerebrals 
: i No | Mature No 9/37 60 
| R M. | 
; cerebral | 
| No 4 11/36 i363 
| | | 
PENES HOME AS MERE cian sel cate Nata feat la ahs St ee NES — os 
| & W.D. | No Dilated | 3 4 vessels | L. post 
| | i cerebrals 
| L. middle 
| cerebral 
$ MÀ ÓÓÀ 
3 9. M. C. | KR. dran] Normal 3 4vessels | R. middle | R. frontal 
| cerebral swellling 
j | R. anterior 
| cerebral 
| L. P.1.C.A. 
stamine — tmt atr ret armi een te aat Petar 
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TABLE VIII 


MULTIPLE ANEURYSMS SHOWN ON ANGIOGRAPHY—continued 
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CAT findings Angiographic findings | 
| Diffuse 
intra- , | 
! ventricular 
Case No. Or Days i 
and Focal Oedema/ | subarach- | Ventricular] since Location of | 
initials | haematoma |. infarct. | noid blood | size | bleed ‘Type aneurysm Spasm | angiogram | 
10. M.A. | R. anterior | R. tem- En 15/38 4 4 vessels | L. Ant. L. Ant. No 
deep poral lobe choroidal | cerebral 
temporal | L. middle | 
| | | cerebral | 
| R. anterior 
| cerebral 
R. interior 
carotid 
(2) 
HEP, R. insula Oedema | No 9/32 5 4 vessels | R. middle | Middle No 
R, tem- cerebral cerebral 
poral 
11a. R. deep Oedema R.! No (L.normalj 0 R. calloso- 
temporal temporal (R. obli- marginal 
| terated) 
12. B.M. | No | No No Dilated 8 4 vessels | Anterior None No 
communi- 
cating 
B. middle 
cerebral 
(2R;1L) | 
13. B.D. | No No | No 11/40 8 4vessels | R. middle | Posterior | No 
cerebral cerebrals 
terminal 
| basilar 
14. M.P. | No No | No 11/36 11 B. carotid | B. middle | None No 
| cerebral 
| R. Post 
] l. ENIM | Comm 
14a. No OedemaR.i No L. normal | Opera- 
temporo- R. obli- tion 
parietal terated 4-3 (17) 
REA M MEINES NC TEE DAE M Deane SR earl gen Ata ee | 
15. M.S. i R. medial | No | No 14/38 14 B. carotid | R. internal | None No | 
temporal carotid | 
| aneurysm 
| Small L, | 
internal | 
carotid 
aneurysm 
16. A.H. | No No | No Dilated 16 4vessels | L. anterior | Anterior | No 
comm. cerebrals 
| R. middle | 
| cerebral | 
| | 
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TABLE IX 
NO SOURCE OF SUBARACHNOID HAEMORRHAGE SHOWN ON ANGIOGRAPHY 


































































































CAT findings Angiographic findings 
Misure i i a Ya REIS ETT 
| Diffuse 
i | intra- | 
| NE | ventricular 7 | | 
Case No. | 7 i or Days Location Localized 
and | Focal | Oedema/ | subarach- |Ventricular| since of mass on 
initials | haematoma | infarct | noid blood size bleed Type aneurysm Spasm | angiogram 
LL. : 
pM [e ee MM———Ó M9 EEEE SPPEDRUERS CORN PELLUS T: S BENE 
| LBH. | No | R. frontal | + 10/40 1 4 vessels | — None No 
UM Er ENT DEDI T EAEE ROMMEL LONE ette NURSE, TRETEN ERREUR RUP ROLE MN ane amen. MIR e 
| uq : | - | 
| 2. T.F. | No | L. cerebel 15/37 1 4 vessels | — None No 
lar i 
— M Ea teria TRUE Y: a tea Na ee Meet EAA EE LEEA [SCR Rennes ii EN KU RS. MUT. 
| 3, V.S. |R.temporo-| Anterior | No L. dilated | 1 R. aratid = None R. tem- | 
| parietal i to clot | R. normal poro- | 
| -4-mtra- parietal 
| ventricular | | 
[Oe a OAN Pn Ó—— ox 
L EZ. | L. medial | No No Dilated ] 4 vessels Aneri None No ! 
| thalamus | 
MEME MORE TEE: SEE | 
| 5.C.W. | No | No + 3/39 No | 
| SOIC TNR e. ORENSE NERIS A I eee ESCORTS) OPE LETS SEAE, SONDERN elec ai gee a COUUPRCRETROSMIEINENE: 
i ; : Pn T 
| 610 | No | No m 10/38 No | 
AEQ CRM ae €—  ——— MGÓÓ— — [o EDEN MP. ——————————— Stra ———— | 
| 7. P.R. |L. basal No No Slightly Basal | 
| ganglia and dilated ganglia — | 
| lateral | 
i v entricle : | 
ett NEN, nn ea eh CREM Ot Seen ORR ERR S RET — 
| $.G.W. | No | No ap 11/34 | None— senile with generalized | 
| | | atheroma | 
PENEAN E ALENE AT QE IPEA RI E EE  ——— thomsen nequ ERUIT MEN aA A EET EAERI ep Le Pan EEEE te ees REOR RENE en) oN ON NC d ms Nd 
| GNP. |B. cerebellar Inferior | No 6/36 4 None-—decerebrate—— 
| | bemi- vermis normal died 
| spheres and 
4th-3rd 
| | ventricle | 
| 10. K.E.. | L. frontal | Adjacent No 10/37 5 
| hornand | oedema 
| adjacent 
| i frontal lobe 
| 44. K. T No i No No 11/40 6 . anter 
| | | cerebral 
| L. middle 
| cerebral 
| 12. FLB. | No | R. Pong us 8/38 | 6 None-—alcoholic—fractured skull. 
| normal | No history of trauma. 
Pe —Á — ingrown 2 POR NS IRAE RE, IO RESI EM ER Re ee Se E A 
|:niL | No No No | Dilated | 4 vessels 
| 
SAPETE —— —— VERRETE, — ee — 
| 14. EP | No Bifrontal | No 15/42 9 4v astela 
| iatrophy(old + spinal 
iheadinjury) 
REID i pou a US SETEUENUEN. CoN PENS Sp oR eT te KIM, SETA OE AE PRET Nu QM CLA TM D sc RR Re ERR, DEREN I ae a a n ats Toe ee A 
| 15. MLS. | No | R. tem- No Normal | 11 4 vessels 
pews ar pe ll incl 
| 16. G.C. | Medial R. |R. tem- No 11/38 | 13 4 vessels 
| | temporal | Poral lobe | 
17. D.T. | No | No No |10/40 — |25 
| 18. L.M. | No | R. parietal | No | 15/39 | 43 B. carotid 
E TTS a ON | 
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TABLE X 
ANGIOMAS SHOWN ON ANGIOGRAPHY 































































































| CAT findings Angiographic findings 
| E 
| | Diffuse 
| intra- 
i ventricular 
| Case No. Or Days Location Localized 
i and Focal Oedema/ | subarach- |Ventricular| since of mass on 
| initials | haematoma, infarct | noid blood size bleed Type aneurysm Spasm | angiogram 
| *1. G.S. | Subfrontal | No :2 14/37 0 B. carotid | Dural R. | None No 
| R>L dilated frontal and | 
| "MM O NENNEN scalp | | 
| #2. K.W.| 3rd No n 19/36 1 4vessels | Choroid of | None No | 
| ventricle dilated 3rd | 
| and R. lat, | ventricle 
ventricle 
| 13. O.A. | R. tem- Slight | Both 12/41 2 4 vessels | R. temporo-| None No 
| poro- round lateral normal parietal 
| parietal high vents 
| from density | 
| convexity 
| to ventricle | | | 
| T4. N.G. | (Genu No | No 6/36 2 4 vessels | Corpus None No | 
| corpus | normal callosum | 
| callosum | 
| L>R) 
| No | 
| T5. G.W.| L. temporo-| Round | pe 7/40 2 L. carotid | L. trigone | None No | 
| parietal clot normal L.. verte- | 
| bral | 
eee [Nera een CORSE Cee oee See E a NN. NER RENNES LN eee T 
16. D.C. | R. R. 4 13/36 + 4vessels R. None Yes | 
thalamus temporo- dilated thalamus | 
parietal 
| T7. A.D. | R. occipital | No -+ 7/38 6 4 vessels | R. occipital | None | No 
i normal | 
| 18. P.T. | L. cere- Adjacent | No | 14/42 7 Vertebral | L. cere- | None L.hemis- | 
| bellar with | L dilated (bilateral) | bellum phere mass 
| occluded 4th} cerebellar | 
19. C.R. | R. lateral | No | No 12/36 7 4vessels | WallofR. | None No | 
| ventricle oedoma dilated frontal horn 
t10. E.S. | R. supra- R. pos- No 10/36 14 4 vessels | R. parietal | None Adjacent 
ventricular | terior normal to angioma 
white parieto- | 
matter occipital | 
#11. J.D. | L. high No | No normal 15 +vessels |R. parietal | None Adjacent 
parietal | to angioma 
up to | | 
convexity | | 
112. A.M. | *(L. fronto-| Atrophy | No 10/38 49 L. carotid | L. fronto- | None No | 
parietal) round dilated parietal | 
previous 
surgical | 
defect | 
413.15. |R.occioital No No normal 350 4vessels | R. occipital | None No | 
from medial . 
surface to : 
ventricle | 


* No enhancement after i.v. Conray. TEnhancement. f Not enhanced. 
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FIG. 


> 
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Table VIII. Case 7. (F.F.) 
CAT, 60 days after bleed from right middle cerebral aneurysm. Note area of low density involving the right frontal, temporal 
and parietal lobes which represents a mature infarct within the right middle cerebral artery territory 


bleeds (11 patients) had two or more aneurysms 
(Fig. 5) and there was angiographic evidence of the 
site of haemorrhage in four of these. In one case a 


the EMI 
could potentially have arisen from either an ipsila- 


temporal haematoma shown on scan 
teral posterior communicating or a middle cerebral 
aneurysm and angiographic evidence of spasm adja- 
cent to the posterior communicating aneurysm was 
the only localizing feature. Two patients with local 
haematoma, three with haematoma plus oedema or 
infarction and four with infarction or oedema alone 
had nosource of haemorrhage shown on angiography. 
In two other patients, in one of which a cerebellar 
haemorrhage was confirmed at post-mortem (Fig. 1) 
noangiograms were performed. 

It is disappointing that 21 haemorrhages had 
no focal signs on unenhanced CAT. In two of these 
angiomatous malformations were shown after en- 


Table X that all 


showed 


hancement and it is evident from 


our angiomatous malformations some 


abnormality on CAT (Fig. 6). It can be seen from 
VII, VIII and IX that CAT 


performed within seven days of the haemorrhage, 


lables when was 
localized blood clot or low density due to oedema or 
infarction was present in 86 per cent; after this 
time localizing features were present in only 38 per 
cent. Fiftéeg of the 19 unlocalizing scans were per- 
formed after the first week, so it 1s likely that earlier 
studies would have been more rewarding. There 


was no evidence of a focal lesion in any examina- 
tion including angiography in six of them; in one 
senile patient angiography was omitted. ‘The other 
12 had aneurysms, but in none of them, nor in the 
two patients with angiomatous malformations was 
there any mass lesion; in five there was localized 
arterial spasm. 

Most aneurysms responsible for subarachnoid 
haemorrhage are small, situated close to the skull 
base, and contain fluid blood which has a density 
similar to brain substance. Therefore, they are 
not usually visualized on CAT. Sometimes, when 
they are of large size or contain clotted blood, or 
have calcified walls they are shown (Fig. 7). We have 
not rescanned after intravenous contrast routinely, 
but it has proved useful in confirming eight of the 
malformations in which it 
been used (Fig. 8), and four aneurysms presenting 
have definitely 


nine angiomatous has 


with subarachnoid haemorrhage 
enhanced (Fig. 9). 

[In our series of 75 cases of subarachnoid hae- 
morrhage it was possible to localize or at least 
lateralize the site of haemorrhage by CAT alone in 
56 patients. In these the angiographer would have 
been able to direct his attention to detailed study of 
the vessels in the region of the haemorrhage, utiliz- 


ing magnification and subtraction and multiple pro- 


jections as necessary for complete elucidation or 


exclusion of any detectable source of haemorrhage. 
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Fic. 4. 


CAT, deposits from a cutaneous melanoma. Cuts 2A and 2B multiple peripheral areas of high density in the left frontal lobe 
Cuts 33A and 33B following intravenous injection of 60 c.c. Conray new areas of increased density are evident and enhance- 
ment has occurred in others. Part of the large density is due to haemorrhage into a deposit. 
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4 
> 
B 
* 
JA 
H ( 
FiG. 5 
Table VIII. Case 11. (E.P.) 
CAT, note high-density area deep in the right temporal lobe with marked shift from right to left of the midline structures. 
\ low density area surrounds the lesion representing oedema of the adjacent brain. 
(B) Magnified «2 lateral. (C) Antero-posterior projections. 

Right carotid angiogram demonstrating a right middle cerebral artery aneurysm associated with some spasm and à small 


ht calloso-marginal artery aneurysm. The site of haematoma and of the spasm indicates bleeding from the middle cerebral 


~ 


aneurysm 
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lable X. Case 9. (CUN 


CAT, intraventricular angiomatous malformation. Localized high density area in the frontal horn and body of right ventrical 
due to angioma and blood clot. Blood clots present in trigone and occipital horns of ventricle and at tip of left occipital horn 


ONAL 





Fic. 7. 
Table VII. Case 17. ( 7.H.) 


(aA) CAT terminal basilar aneurysm. Note high density in the midline on unenhanced scan due to the aneurysm. It pro 
> 
jects into interpeduncular fossa and hypothalamus. 


(B) Left vertebral angiogram demonstrating the basilar aneurvsm. 
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FIG 


^ 


Y CAT, angiomatous malformation in the left tempero-parietal region. Note a slightly high-density area (cut 2B) over the 
left tempero-parietal region which enhances following 60 ml. intravenous Conray (cut 22B). EMI units are in the range 


of 


28 


(B) Left carotid angiogram demonstrates angiomatous malformation fed bythe left middle cerebral artery. 





FIG 


Table VIII. Case 16 


\) Left posterior communicating aneurysm. Note high density area in cut 2A in the medial aspect of left temporal lobe due 


to the aneurysm 


54 


(G.M.) 


Cut 22A following 60 ml. i.v. Conray. The aneurysm has enhanced. The circle of Willis, middle and pos- 


terior cerebral arteries are visible 


When indirect surgery is contemplated the extent 
of further angiography is determined by the infor- 
mation required concerning collateral circulation 
and the presence or absence of vascular disease and 
incidental aneurvsms. In no case in which a source 
of haemorrhage has not been found near the CAT 
abnormality hàs a relevant lesion been shown else- 


where on complete angiographic study, so that it 


intero-posterior left carotid angiogram demonstrating posterior communicating eneurysm 


would not appear to be necessary to pursue such 
extensive angiography in future When 
atraumatic tests are negative the usual angiogra- 
phic method of localizing the site of SAH is pursued. 

Though not strictly relevant to the present thesis, 
the tables reveal further points of interest regarding 
CAT. Subarachnoid blood (Fig. 10) has occasionally 
been visible up to nine days after the recorded time 


Cases. 
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H 


Fic. 10. 
Table VII. Case 3. (H.W) 


(a) CAT, January 14. Note blood in the subarachnoid space (interhemispheric fissure and Sylvian fissure bilaterally) 
(B) Second scan performed January 22, demonstrating partial resolution of.ehé hemorrhage. 
E c 
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Fic. 10, 
Table VII. Case 3. (H.W.) 


(c) Right carotid angiogram demonstrating a large right anterior communicating artery aneurysm. 


of haemorrhage, though it is not possible to exclude 
rebleeding in such cases. It is frequently visible in 
the first few days, but is not necessarily shown 
when the CSF is bloody and its absence manifestly 
is in no way helpful in excluding a subarachnoid 
haemorrhage. The range of pathology recognizable 
on CAT is most helpful in the elucidation of causes 
of change in the clinical state both before and after 
surgery. Unusual causes of haemorrhage such as 
previously silent tumours are easily shown, whereas 
previously intraventricular tumours in particular 
were sometimes not discovered until an encephalo- 
gram was performed for progression of the lesion at 
a later stage. The ventricular size is reliably shown 
and deterioration in the clinical state due to hydro- 
cephalus, recurrent haemorrhage or infarction is 
readily distinguished at anv time during the pre- 
or post-operative course. 


CONCLUSION 
Follow-up study of patients who have survived 
for two months following a subarachnoid haemorr- 
hage and who have been shown to have multiple 
aneurysms ‘suggests that bleeding from the inciden- 
tal aneurysms is uncommon and that it is a reason- 
able policy not to perform elective Surgery on the 


large majority of such aneurysms. Atraumatic 
studies, especially CAT performed within the first 
week after a subarachnoid haemorrhage shows a lo- 
calizing or lateralizing abnormality in a large pro- 
portion of cases. We suggest that if the site of 
haemorrhage can be approximately localized prior 
to angiography, the latter should be directed pri- 
marily towards detailed demonstration of the ves- 
sels adjacent to the CAT abnormality, and extended 
to give any information relevant to surgical treat- 
ment. Further angiographic investigation to disco- 
ver incidental aneurysms which have not bled is 
unnecessary, unless elective surgery on such lesions 
is contemplated. 
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The explanations are simple, well written and clearly 
presented. The wider use of mammography has promoted 
the authors to include a new chapter on equipment used for 
this investigation. 

As readers of the first edition will know, this is not a 
physicist’s text-book, but is intended for the student 
radiographer, and hence complicated mathematical treat- 
ments are omitted. However, physicists and engineers, who 
are often ill informed concerning X-ray equipment, will find 
excellent lecture material in the text. The authors are 
to be congratulated on yet another worthwhile publication, 
both for the content and the clarity of pgeséntation. This 
edition of the book will undoubtedly find a prominent place 
on the shelves of all who study radiography. 

T. H. E. BRYANT. 
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ABSTRACT 

in patients presenting with suspected spinal dysraphism 
of the occult type, particularly. children, cisternal gas 
myelography is coming to be accepted as the radiological 
investigation of choice, The technique of the examination 
as performed on 40 such patients is described in detail. 
There have been no complications. “Twenty-five patients 
showed abnormalities of the cord together with low ter- 
mination and abnormal fixation of the conus. The visualiza- 
tion was excellent in. terms both of reliability and detail. 


‘The reasons for the difficulties in demonstrating these 
lesions using positive contrast and for preferring gas 


myelography are discussed, 


There are few reports of the use of gas mvelo- 
graphy in assessing congenital malformations of the 
spinal cord. This technique details the anatomy and 
pathology of the spinal cord with a clarity that can- 
not be matched by conventional positive contrast 
(cl) myelography, and thus provides the surgeon 
with more accurate preoperative information. 

This paper describes the technique that has been 
used in the investigation of 40 consecutive patients 
with suspected spinal dvsraphism of the occult tvpe 
(Gryspeerdt, 1963), Certain hazards and technical 
difficulties are described and the procedure is evalu- 
ated as a means of investigating this group of con- 
ditions, 

Spinal dysraphism is a term revived by Lichten- 
stein (1940) referring to developmental abnormalities 
the midline of the back. In the occult forms there 
is no failure of development of the spinal cord, nor 
are there any associated anomalies of the brain. 
‘This group includes such conditions as diastemato- 
mvelia, diplomyelia, dermoid cyst or sinus, lipoma 
of the conus medullaris or filum terminale, and 
prolongation of the conus or its attachment by fibrous 
bands extending to the dura. These various entities 
often occur together, and may result in increased 
tension upon the cord and the nerve roots. They are 
associated with characteristic forms of clinical 
presentation, external stigmata and anomalies of the 
spine. These last features have been well described 
(James and Lassman, 1972) and their relationship in 
the present'series of patients to the abnormalities 
shown at gas myelography is being described else- 
where (Cook, 1976). 
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"TECHNIQUE 

The exchange of 80-100 ml. of CSF with gas will 
define the spinal cord in an adult, particularly the 
level of its termination. 30-40 ml. will suffice in the 
voungest patients. The examination may last two 
hours and oxygen is absorbed inconveniently rapid- 
ly. If air were used the duration and degree of post- 
myelographic discomfort would be expected to be 
greater. For this reason a mixture of air and oxygen 
in equal amounts has been used. No system of pres- 
sure monitoring has been emploved. 


Apparatus 

The earlier examinations were performed on a 
conventional tilting X-ray table with image ampli- 
fication and television monitoring. A linear tomo- 
graphic attachment was used. The later patients 
were examined using the Mimer III apparatus. 


Method 

Gryspeerdt (1963) stressed the importance of 
cisternal puncture in these patients to avoid possible 
injury to the spinal cord which may extend to an 
abnormally low level. In 36 of the 40 patients this 
route was used. In two patients investigated for 
cervical dysraphism the lumbar route was used. 
One further patient, a three-year-old girl, became 
apnoeic whenever the cisternal needle approached 
the dura, although this was not punctured. The ex- 
amination was completed via the lumbar route with 
no further difficulties or subsequent ill effects, The 
cord, however, did extend to a low level in this 
child, and Fig. 1 illustrates the close proximity of 
the lumbar-puncture needle and demonstrates why 
cisternal puncture is normally to be preferred. 

Inasecond girl, aged ten years, a cisternal puncture 
could not be performed, and again the lumbar route 
was used. In every patient the entire spinal cord 
has been outlined, and in many the 4th ventricle 
has also been seen. With the exception of the two 
cases of cervical dysraphism, no abnormality has 
been shown at the craniovertebral level. We should 
thus concur with Gryspeerdt (1963) that in con- 
tradistinction to meningomyelocoele there is no 
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evidence of an association between occult spinal 
dysraphism and malformations of the Arnold-Chiari 
type that might make cisternal puncture hazardous. 
Nevertheless, the preliminary films should be ex- 
amined to exclude, as far as possible, any chance 
association with a cervical anomaly. There were no 





Fic. 1. 


Case 11 E.T. 


complications of cisternal puncture; this was per- 
formed in all one at the atlanto- 
occipital level. The remaining patient showed the 
posterior arch of the atlas to be in close apposition to 
the occiput, and the puncture was performed with- 
out difficulty at the atlanto-axial level. 

Before the needle is removed a lateral film of the 
lumbar spine is obtained to ensure that enough gas 
has been introduced. The needle is then withdrawn 
and two lateral films are obtained to include the 
whole length of the spine. In the larger patients the 


Cases except 
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FiG. 2. Case 6 A.M.S. 


Lateral tomogram of dorsilumbar gas mvelobram. The cord 
is only minimally prolonged to the level of LV3 but it is 
, adherent posteriorly and its mobility is restricted. These 
findings were confirmed at operation. 


Lateral tomogram of lumbar gas myelogram. The lumbar- 
puncture needle is shown in situ in close proximity to a low 
expanded and tethered conus. 
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Fic. 3. Case 22 S.T. (A) 


intero-posterior view of lumbar gas myelogram. The conus ends at the level of LV3 and the original films show it to be 
it. A thickened filum extends from the conus (arrows). In spite of the scoliosis good definition has been achieved even 
without tomography 


Fic. 3. Case 21 C.P. (B) 


Lateral view of lumbar gas mvelogram. The low conus is well shown without need of tomography. 
1 E 


upper dorsal region may be inadequately shown These latter films are not made if the initial lateral 
and a film taken in slight obliquity may be neces- and postero-anterior views show the cord clearly to 
sary. Tomography of this region (Oden, 1953) has end either at a normal level or at a very low level. In 
not been necessary. Unless specifically indicated the the latter situation the omission of the final films 
examination is now restricted to the lower end of the possibly involves some sacrifice of fine detail, but 
spinal canal and the following films are made: this is felt to be justified in the interest of reducing 
(1) postero-anterior in the prone position, usually irradiation. 
followed by The normal cord quite commonly deviates to one 
(2) and (3) both lateral decubitus positions using a side of the subarachnoid space at its lower end and 
horizontal X-ray tube its termination may then be difficult to see. It will 
Additional views may be required in some patients: however move across the subarachnoid space into 
(4) and (5) "cross-table" lateral projections taken a dependent position. The lateral decubitus and 
with the patient prone and supine. cross-table films will show the termination of the 
(6) and (7) tomograms in the lateral and coronal cord more clearly and define any restriction of its 
planes freedom to move. Tomography is seldom necessary 
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Fic. 4. Case 1 C.C 


Antero-posterior tomogram of lumbar gas mvelogram. The 

cord is widely split and transfixed by a bony spur. Below the 

spur the separate components end at the level of LV4 in a 

mass with a further thickened prolongation below. At opera- 

tion a complete diplomyelia was found and the mass was a 
mixed tangle of nerves and blood vessels. 


but may be required in the coronal plane if defini- 
tion by faecal In older 
patients it is required more frequently, and in 
scoliotic patients it may be needed in both planes 
for a clear of the 
between the cord and the canal. This has, however, 
not always proved to be necessary. In the present 
series tomography has been used in 17 patients. 


is obscured shadows. 


demonstration relationships 


SERIES 

Gas myelography, as described above, was per- 
formed on 40 consecutive patients with ages ranging 
between 14 months and 28 years in whom a diagnosis 
of occult spinal dysraphism was considered possible 
on clinical grounds. These patients presented either 
to the Wessex Neurological Centre or to the South- 
ampton Children's Hospital between 1970 and 1974. 
One additional patient, a four-vear-old bov, with 
obvious clinical dysraphism, presented with a his- 
tory of nine illnesses suggestive of meningitis and 
did not therefore undergo myelography. Tethering 
bands and a dermoid cyst associated with a “lumbar 
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epithelial fistulous tube" were found at operation. 
The four scoliotic patients were taken from a much 
larger group submitted for gas myelography prior to 
corrective orthopaedic treatment. These were the 
only patients in this larger group who showed ex- 
ternal or plain film evidence of dysraphism in ad- 
dition to the spinal abnormalities associated with 
the scoliosis. They were also the only patients with 
a scoliosis in whom myelographic evidence of dys- 
raphism was found as opposed to the usual finding 
of a relatively short cord which passes along the 
concave aspects of the curving spinal canal (Roth, 
1969). 

Myelographic abnormalities were shown in 
patients (Figs. 4-11), and surgical confirmation 
of the abnormality has been obtained in 22 
The abnormal findings are summarized in Table | 
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of these. 


Case 2 D.5ti. . 
P - 
Lateral tomogram of lumbar gas mvelogram. A broad exten- 


sion of the conus (arrows) ends in a mass. At operation the 
entire prolongation was found to be an elongated lipoma. 
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FIG. 6. 


Case 3 Al. Sta. 


\ntero-postenor tomogram of lumbar gas myelogram. The 

onus extends to the level of LV3 bevond which the filum is 

thickened. There is à small split in the conus (arrow) and a 

group of tethering bands pass to the left. There is restricted 

mobility of the conus from side to side. At operation these 
hndings were confirmed. 


and the operative correlation is given in Table II. 
l'hese are considered further in the discussion. In 
most of these patients more than one abnormal 
feature was shown. In addition, two patients in 
whom no myelographic abnormality was described, 


nevertheless gave rise to such clinical suspicion of 


dysraphism that a laminectomy was performed and 
the dura opened; both were confirmed to be normal. 
Chere have been no other operations performed in 
confirmation of negative mvelographic findings, but 
the subsequent clinical course of many of these 


patients has "legt support to their not being cases of 


dysraphism. There was one false-positive myelogram 
(Fig. 12). In this patient, a girl aged nine who had 
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7. Case 4 L.H. 


Antero-posterior tomogram of lumbar gas myelogram. The 

cord ends at the level of the upper border of LV3 but the 

conus.is enlarged and its mobility is restricted. Two bands 

pass from the expanded conus to the left (arrows). At opera- 

tion an intramedullary lipoma was found and the bands 
blended into this. 


Fic. 


recently developed enuresis, the conus was clearly 
seen ending at the level of the Ist lumbar vertebra. 
Below this there appeared to be a thick extension of 
the cord 0-6 cm wide passing nearly to the lumbo- 
sacral level. This was interpreted as an abnormally 
thickened filum terminale. At operation the com- 
ponents of the cauda equina were found to lie closely 
applied to each other in a number of thick bundles 
lightly bound together but with no evidence of 
tension. The conus medullaris and filum terminale 
were normal. ‘This patient showed none of the char- 
acteristic external stigmata or spinal changes asso- 
ciated with occult dvsraphism. Although these are 
not invariably present, the absence of both features 
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Fic. 8. Case 7 D.C. 


Antero-posterior tomogram of lumbar gas myelogram. The 

conus extends at least to the level of LV4 with a further 

thickened band below this, but the exact level to which 

neural tissue extends could not be defined either at myel- 

ography or at operation. ‘Two tethering bands are shown 
(arrows), 


should compel very careful assessment of possible 
myelographic abnormalities. Perhaps greater atten- 
tion to the mobility of the conus in this patient would 
have prevented this misinterpretation. 

There are two patients in whom myelographic 
abnormalities have been defined, but no operation 
has been performed. In the first of these, a five- 
year-old boy with a typical deformity of the leg and 
foot and characteristic external and spinal abnor- 
malities, the cord was shown to extend to the 3rd 
lumbar vertebra but to be freely mobile across an 
excessively wide subarachnoid space with no evi- 
dence of tethering bands or a thickened filum. It 
was considered very unlikely that a surgically reme- 
diable lesion would be found. The second patient, 
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FiG. 9, Case 8 D.Sto. 


Lateral tomogram of cervical gas myelogram. The cervical 
cord ts displaced by a mass on its dorsal aspect (arrow). The 
cord is thin above the mass and there is widening and bons 
dysraphism of the spinal canal, At operation the mass was an 
enteric cyst containing gastric mucosal elements. 


a girl aged seven, had recently developed incon- 
tinence and showed similar external and spinal ab- 
normalities. The cord was shown to extend to the 
3rd lumbar vertebra with restricted mobility and 
associated tethering bands. Unfortunately this child 
had undergone extensive operations to the back on 
three occasions in early life at another hospital for 
removal of the lumbosacral patch of hair. This had 
resulted in a large unsightly mass of scar tissue and 
her parents have preferred to delay an operation 
although she is kept under regular review. 


DISCUSSION AND CORRELATION OF RESULTS 

In most adults the tip of the conus lies at the level 
of the Ist lumbar vertebral body or the interverte- 
bral disc below. In only 2 per cent of normal indi- 
viduals does the spinal cord extend as far as the 3rd 
lumbar vertebra (Burrows, 1968). In the full-term 
fetus the cord terminates at the level ‘of the 2nd 
lumbar vertebra and it reaches its final level within 
the first few months of life (Barson, 1970). 


07 


VoL. 49. No. 582 
P. " (‘nak 





Fic 10. € ase Y D.W. 


Antero-posterior tomogram o! lumbar yas mvelogram "The tapering Conus t nds at the level of the LV2 LV3 disc but a 
thickened extension (arrows) passes to the lower extremity of the subarachnoid space. This was considered to be an abnor- 
mally thickened filum and other films showed it to end in a small nodule, At operation this nodule was found to be a small 

poma which was tethering a cluster of strands which passed in a bundle to the conus but was separate from the filum. 


Lateral tomogram. The low termination of the cord and the thickened extension are again shown with some additional 
tethering bands anteriorlv (arrow) 
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There is very little information available con- 
cerning the use of the technique in the investigation 
of this group of conditions. Lombardi and Passerini 
(1964) summarize the status of the examination as 
follows “The only condition in which gas contrast 
media are superior to positive contrast media is 
atrophy of the spinal cord". Valentino (1965) agrees 
and states that the limitations cannot help but 
dampen enthusiasm. Jirout (1969) dealing specifi- 
cally with pneumomyelography makes no mention of 
dysraphism although he previously (1966) had des- 
cribed the use of this technique in evaluating mobil- 
itv of the spinal cord. The classic work by Grys- 
peerdt (1963), James and Lassman (1972) and also 
nearly all published cases from The Hospital for 
Sick Children (Burrows, 1968; Till, 1968) were 
based on the use of positive contrast myelography 
using oil. Jones and Love (1956) illustrate a gas 
myelogram in a patient with a “tight filum ter- 
minale" in which the dural sac is pulled backwards 
without any deformity along the ventral aspect 
which might have suggested an extradural abnor- 
mality. Love et al. (1961) described three siblings 
with a similar diagnosis in whom the gas was seen 
to be displaced posteriorly at the lumbosacral 
junction. We have not seen significant dural dis- 
placements of this type in the present series. We 
should agree with Gryspeerdt (1963) that a localized 
increase in the distance between the posterior sur- 
faces of the vertebral bodies and the anterior aspect 


Fic. 11. Case 10 M.T. 


Antero-posterior tomogram of lumbar gas myelogram. A 
thick strand (arrows) thought to be the filum extends from 
the conus to the level of S1. Note the characteristic defect in 
the bony lamina. At operation the entire strand was found to 
be an elongated lipoma, but the similar appearance to Fig. 10 
should be noted. 





TABLE I 
SUMMARY OF ABNORMAL MYELOGRAPHIC FINDINGS CONFIRMED AT OPERATION 














1. Level of termination of the conus L2/: 
L3 9 11g 
| Below L3 9 | 

2. Thickened extension below the conus 10 
3, ‘Tethering bands passing to the theca 15 
4. Splitting of the cord or diplomvelia | 3 
5. Atrophv of the cord | 2 
6. Mass 3 | 

1 | 


7. Expansion of conus (intramedullary lipoma) 








*In the presence of other abnormalities. 

Gas myelography performed in 40 patients, 

Gas myelography abnormal in 25 patients. 

Laminectomy performed in 23 of the 25 abnormal patients confirming the abnormalities in 22. 
Laminectomy performed in 2 of the 15 normal patients confirming the normal findings in both. 
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TABLE H 


CORRELATION OF MYELOGRAP 






































HIC AND OPERATIVE FINDINGS 





MON | TUS ` 7 ~ 
Myelographic findings | 
i | : — Comments 
Cord Level lPlhicken-| Teth- The operative findings confirm 
| | | inc. of edfilum | ering the myelographic findings unless 
| Patient | Age Sex Rokos mobility | conus terminale] bands | Mass otherwise stated. 
err a e mme rr mmm M Ó——————Ó———————————ÁÀ PETO 
| LEC. ; x Female v Widely L4 a 4 Diplomyelia. The “mass” 
spht consisted of a tangle of nerves 
| and blood vessels. 
[occ c PG re gn PERS. aoe NOMEN ear PR RE Uta eee CEU ECRIRE REESE EE 
| 2. D.Sti 10 | Female | — v L4 = RB 'The thick filum was an 
l | elongated lipoma. 
eee, RUN ee (TE! HERR NRI erc SUN Hac c EE 
1 4 i 
| 3. ALSta] 4 | Female — Restricted) L3 Je IP i The cord was found to have a 
| mobility small split although no spur 
passed through. 
BB jj S E S 
| X LH. | 3 | Female]  — Enlarged | L3 — — | The tethering bands blended 
l l | conus with an intramedullary lipoma 
| | Restricted of the conus. 
| | mobility 
| 5.H.G 5S IF ede 2 Almost L4. | = fom | = - | Thetermination was adherent 
| l immobile | adherent as predicted. The level at 
| | to theca at which neural tissue ended 
| | could not be defined. 
E EE E du 
6, AMS 4 | Female] ~ Restricted] Upper |. = | ^ | -— Both the level of termination 
. mobility | L3 and the adherence were 
adherent confirmed. 
| | posteri- 
| | | orly 
D Vn ER PNE EAEN : Í "PE" as (hantaman Sauvian anan D a E aana a annn {eunana aaan NANI fnar A SERERE a Lai eee 
| 7.D.C. | 10 | Female] ~ |  -— L4 | + d or | = - | Thelevel to which neural tissue 
| extended was impossible to 
| | define macroscopically. 
| 8. D.Sto] 8 | Male Atrophic | L2 + | Cervical dysraphism. TY he 
| | and mass was a "dorsal enteric 
i | | displaced cyst.” 
——— "—— ——— porecetpum NENNEN NNNM KM E MUNIRI MIENNE MMsÉ£DvM Cs S E M LE EE E i E LLL LE ane 
| 9 DAW, | 14/12] Female] — | = L273 | a — | The “thickened filum” 
| | i vid di consisted of a cluster of strands 
| | ina passing to a tiny lipoma at 
| small LS/SL 
| | | nodule 
s EREI PONESE IRE: 1 ENCEINTE, EEIE ETE O SOO S O miner nme erat M—Ó— —— 
| 10. M. dex dB p emale | ~~ e p e LB q e — po e p c The "thickened filum" was a 
| | | lipoma extending from the 
| | | conus to 31. 
n IL. Ek. T. 3 F WEN vo Expanded| L3 | = | 4 | =s The bulbous and divided 
| at the conus were confirmed, Only 
| | lower blood vessels passed through 
| i end with the split. 
| a small 
| | split. | 
| 12. AT. | 28 | Female =~ Small L3 | i — | A small spur was present, but 
| split only fibrovascular structures 
| passed through the cord. 
[13GM Loeb triste npe a Sr mt T YA eere ALAS EAA d Sorties Hel e rari a: É taaan HH I HII NHANH im rm Ss In an nim emm pF m— — MÀ E WAY e EE Rec annman, 
= L4 | 
ROUEN S MPH RE d TIE 
Restricted| L2/3 | 





| mobility | 
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TABLE II 


CORRELATION OF MYELOGRAPHIC AND OPERATIVE FINDINGS (continued) 


H 
i i 












Myelographic findings 









Comments 






















Cord Level Thicken- Teth- The operative findings confirm 
Mo F e inc. of ed filum ering the myelographic findings unless 
Patient Age Sex [Scoliosis | mobility | conus | terminal] bands | Mass otherwise stated, 

15. D.W. 6 | Male — Expanded| L3/4 4 The filum was infiltrated with 
at lower especially fatty tissue, presumed to be 
end at lower lipomatous. 

end 
T hickened! 1.1/2 — 1] + [|o - c ervical dvsraphism. The 
on nature of the thickening of 
posterior the upper cervical cord was 
aspect not determined. 

- L4 fj + The thickest band consisted of 
striated skeletal muscle and 
was contractile. This was 
separate from the filum. 

18. 5]. 5 | Female Split L4 — The left component of the 
eccentri- split cord was atrophic. No 
cally evidence of a spur was found. 

19. D.T 14 | Female Atrophy | L2 | = - f o = The cord was not split 
Small split 

20. K.St. 8 | Female L3 —docB loe 

21, C.P. 14 | Female On L3/4 —€— |] M f e 
concave 
aspect of 
bony canal 

22. 8.T 22 | Female 4 Split cord | L3 e Eo fo = Diastematomyelia with bony 
on spur. 
concave 
aspect of 
bony canal 

€ mc TONNES en el EE! ur E CREER IRE ee ee a ls ph 3 
23. N.A 5 | Male —-— 0l] - - L3 — jo o- v Very expanded subarachnoid 
space below L3. Not 
| considered to be surgically 
| remedirable. 
PRSETER, —— Enden MERE QM ME Darren SO OOO 
M ie boa 

24. C.F 7 | Female v Restricted] L3 -— 4 jo Parents declined operation. 
mobility 

25 K.Sh. 9 | Female L1 J è e ]| -— ~ NO SIGNIFICANT ABNORMALITY 

The cauda equina lay in 
bundles with fine adhesions. 

26. R.Phi 13 | Male L2 -— ] - f = Normal findings confirmed at 

| operation, 

237. S.O 11 Male | = Jo = Li vo — — Normal findings confirmed at 

operation. 


of the theca at this level is not uncommonly seen in 


normal patients, 
epidural fat. Lilie 
diastematomyelia 


and describes, in addition to the sphtting of the 
cord, the continuation of the conus as a narrow 





and this is usually attributed to 
quist (1965) reports a single case of 
investigated by gas myelography 
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band and the presence of a soft-tissue mass in the 
subarachnoid space. He considers gas myelography 
to be the method of choice in the investigation of this 
type of patient and the findings closely resemble 
those of many of the patients in the present series. 
No mention is made of operative confirmation. 


P. i ( ook 


Burrows (1968) illustrates an air myelogram showing 
a long tapering conus extending into the sacral canal 
and lving posteriorly. He suggests that air or gas 
myelography may become the technique of choice. 

Grvyspeerdt (1963) describes à high degree of 
accuracy in the diagnosis of a low termination of 
the conus, either directly when examining in the 
supine position or indirectly through the visuali- 
zation of the anterior spinal artery when examining 
in the prone position. He mentions, however, that 
the contrast medium sometimes separates into 
droplets thereby making identification of these 
structures difficult. James and Lassman (1972) 
commenting on the same series of patients mention 
that when the conus is at a normal level it 1s "often 
very difficult to demarcate”. Yashon and Beatty 
(1966) were unable to define the level of the conus by 
identifying the anterior spinal artery at positive con- 
trast myelography. The technique of emulsification 
described ba Bleasel (1961) overcame the dithcul- 
ties of globulation of the contrast medium and de- 
monstrated the cauda equina and conus but was 
associated with an unacceptable number of cases of 
adhesive arachnoiditis. Gold et al. (1969) consider 
that the technique of oil myelography is made more 
reliable by the use of much larger volumes of con- 
trast medium. They describe seven dysraphic pa- 
tients in whom up to 60 ml. of contrast medium were 
used in order to fill the lumbosacral sac completely. 
By this means the abnormal conus was delineated, 
but the contrast medium has to he removed at the 
end of the procedure and this, therefore, requires 
lumbar rather than cisternal injection. Even so, 1n 
spite of their cases generally showing more gross 
evidence of dysraphism than those in the present 
series. the mvelograms failed to outline intradurai 
lipomas in two ot the seven patients They com- 
ment that an air myelogram also failed to show the 
lesion in one of these patients, [t seems likely that 
the densitv of such large volumes of contrast med- 
ium obscures small intradural lesions and further- 
more, it is not possible to determine the freedom of 
movement of the conus in the way described above, 
even using large volumes, because of the dithculties 
caused bv lavering. Heinz et al. (1966) attempted to 


improve the technique by using less concentrated 





contrast media through which small lesions could 
still be defined. The number of patients examined 


Fic. 12. Case 25 K.S.h. was small, and the experimental contrast media 
| T that were used have not been marketed. Apart from 
À i - poste rr view of lumbar gas mye logram. lhe cord . ` 

Sna level a£ V1 and wasthoueht to end here; buta these difficulties and disadvantages we feel that the 
g thickerk p» ind gradually tapering extension passes to introduction of an oil contrast medium, even for a 
. ^ rros i) t "at CH C LCa T : " as di } P * ; B $ 
Vota | At operati | th uda equipa wa boun nto short time, into the subarachnoid space, 1S un- 
oose bundk v fine arachnoid adhesions but no significant 


anrai we found. desirable in small children because of the possibility 
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that adhesive arachnoiditis might aggravate the 
tension already existing upon the conus and cauda 
equina. Thus James and Lassman (1972) note a 
reaction to oily contrast medium (Myodil) in two 
out of 24 cases examined via the lumbar route and 
four out of 76 cases injected cisternallv. This oc- 
curred in spite of very small amounts being used; 
between 2 ml. and 3-5 ml. at three years and 15 
years of age respectively. There are many reports 
of arachnoiditis occurring after oil myelography 
(Peacher and Robertson, 1945; Tarlov, 1945; 
Luce et al., 1951). There is an increased likeli- 
hood of arachnoiditis if there is some associated 
bleeding into the subarachnoid space (Howland and 
Curry, 1966). This particular group of patients 
might be particularly subject to traumatic lumbar 
puncture if performed for the purpose of aspiration 
of oil contrast. The existence of such adhesions 
would make surgery more difficult and interpretation 
of any subsequent myelogram would also be more 
difficult. T'wo normal patients in the present series 
have been re-examined by gas myelography. In both 
the initial normal features were again shown. It 
seems likely, however, that a water-soluble contrast 
medium suitable for examination of the entire spinal 
cord would possess all the advantages of gas, perhaps 
with enhanced definition, 

At gas myelography, the spinal cord throughout 
its length, and more specifically the conus medullaris 
has been visible in every patient in the series, 
whether normal or abnormal, and in spite of the 
presence of severe scoliosis in four patients. In no 
case did the level of the conus as defined at myelo- 
graphy differ by as much as one segment from that 
recorded at operation. Surgical assessment of the 
level of the conus, is, of course, often unnecessary 
and sometimes not possible (James and Lassman, 
1972). Thickened extensions of the conus, regarded 
as abnormalities of the filum terminale, have been 
defined in ten patients. The thickness of the normal 
filum has been taken as less than 2 mm with a thick- 
ness of 3 mm being regarded as definitely abnormal. 
The normal filum is not invariably seen. It is some- 
times difficult to decide just at which point the 
true conus ends and the thickened filum terminale 
begins. This is not surprising as there is frequently 
a similar difficulty, at the subsequent operation, in 
determining the level to which functioning ner- 
vous tissue extends. Likewise, it has not been pos- 
sible to suggest the pathological nature of such 
thickened extensions on the basis of the myelo- 
graphic appearance. Again, a similar difficulty may 
be experienced at operation where densely adherent 
components of the cauda equina are often found in 


bundles around the filum. In the single misdiag- 
nosed patient similar bundles were found, but were 
in no way densely attached either to each other or 
to the filum. When the thickened extension is as- 
sociated with an expansion of the conus itself, it 
seems likely that an intramedullary lipoma is present 
with extension into the filum. This combination of 
abnormalities was seen on two myelograms in the 
series, both due to this cause. An enlargement 
of the conus without an associated extension to the 
lumbosacral level was seen in two further patients 
one of whom showed a small split in the cord and the 
other an intramedullary lipoma. Additional enlarge- 
ments at the caudal end of a thickened filum at the 
lumbosacral level were found to be of varied path- 
ology; small lipomas, tangles of nerves and blood 
vessels or, in one patient, contractile striated 
skeletal muscle. 

In several patients, in whom the conus passed to 


a very low level, the observation that the emerging 


nerve roots passed in an upward direction was made 
at operation as described by James and Lassman 
(1972). Swedberg (1963) investigating cases of 
meningomyelocele by gas myelography found that 
he was unable to identify the nerve roots, and we 
have not been able consistently to do so in our 
patients. Gryspeerdt (1963) does not describe this 
feature at oil myelography. In a single case ex- 
amined by oil myelography Yashon and Beatty 
(1966) describe the lumbar-root pouches as passing 
in a cranial direction. They were unable to discern 
this feature in two further patients with extremely 
low terminations of the cord. We have not found the 
root pouches to be visible on the gas myelograms. 
Tethering bands were identified in 15 patients, and 
apart from the association with low termination and 
fixation of the cord, these can usually be distin- 
guished from nerve roots by their course, thickness 
and shape. 

Varying degrees of splitting of the cord were 
suggested myelographically in five patients. Only one 
of these was of major degree, amounting to a lumbar 
diplomyelia with the two dural tubes separated by a 
bony spur. One further case showed the cord trans- 
fixed by a bony spur although in fact the split in 
the cord was small. In two further patients the cord 
was transfixed only by fibrovascular structures, 
although in one of these a small spur was present in 
addition. In the fifth patient no splitting of the 
cord was found at operation and the myelographic 
appearances are probably attributable to superim- 
posed bowel shadow. This patient had«severe scolio- 
sis, and any form of myelography posed considerable 
technical problems. In another patient a small split 
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in the cord was found at operation which had not 
Seen seen Mna do dpi pe In b ws is 
A ees no comparative investigations were made 
it might seem therefore that gas myelography, 
having produced one false-positive and one false- 
negative result in only six cases, is less reliable than 
oil myelography in the detection of this particular 
abnormality. It must be realized, however, that the 
splits being considered with the exception of the 
diplomyelia were very small; no more than 1-2 cm 
in length and with only slight separation of the two 
components. 

After the examination is completed, the gas is 
absorbed rapidly. The morbidity of the procedure is 
surprisingly small, even among young children 
whose activity is difficult to restrict. Inevitably 
there is headache and some nausea. For some reason, 
however, these have been noticeably less severe than 
following pneumoencephalography. This could be 
because there is less extradural leakage of CSF 
following cisternal puncture than lumbar puncture. 
A few patients have complained of transient tinglings 
in the lower limbs. Oden (1953) suggested that 
warmed, humidified gas reduces the after effects 
of gas myelography, but he was not performing the 
investigation under general anaesthesia. The gas 
used for our patients has not been humidified and 
has been at room temperature. Thibaut (1969) 
described the withdrawal of gas at the end of the 
examination and the reintroduction of the CSF 
that had been removed earlier. In his cases this was 
accomplished by simultaneous lumbar and cisternal 
puncture which would not be appropriate for the 
present type of case. Furthermore he concludes that 
antibiotic cover is advisable since in his hands there 
were two cases of bacterial meningitis following the 
use of this technique in 29 patients compared with 
five cases among 800 other patients undergoing 
pneumomyelography or pneumoencephalography. 
It did not seem, therefore, that the limited morbidity 
justified any such modification of technique. 


CONCLUSIONS 

In this series of patients there is an extremely 
close correlation between the abnormalities shown 
at gas myelography and those found subsequently 
at operation. This confirms that at present this tech- 
nique should be chosen for the pre-operative radio- 
logical assessment of patients suspected of occult 
spinal dysraphism. 
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Book review 


La phlebographie des membres inférieurs et supérieurs. 
By J. D. Picard, pp. 112, 1975 (Expansion Scientifique 
Francaise). 92.20F. 


This monograph on phlebography of the lower and upper 
limbs by the distinguished French vascular radiologist, 
Professor J. D. Picard, makes a welcome appearance. It 
provides a useful companion monograph for two others 
with which the author is associated, La /ymphographie. 
Etude radiologique et clinique des voies lymphatigues normales 
et pathologiques (1963) and Arteriographie du membre su- 
périeur et de la main (1969), 

La phlebographie is essentially a somewhat expanded 
radiographic atlas, and for this reason it is particularly 
gratifying to see the excellent standard of illustrations of the 
phlebograms. Unfortunately, comparison with the British 
equivalent shows how far behind we are in this aspect of 
our publications, 

The book starts off with a description of the anatomy and 
physiology of the veins of the lower limb. 'l'hese sections are 
illustrated with clear line diagrams, indicating the usual 
pattern, normal variations and the haemodynamics. 

There follows a description of the author's technique for 
ascending phlebography. Unlike the reviewer, the author 
uses an overcouch technique with a long cassette. Such a 
technique is more likely to give rise to artefactual appear- 
ances than a fluoroscopic method, even though a short 
series of films is recommended. The patient is examined 
supine, with the use of tourniquets to direct the blood into 
the deep venous system. Professor Picard injects into a foot 
vein in a downstream direction, which on the whole pro- 
duces less good filling of the deep venous system than 
injecting upstream, that is towards the toes. Despite this, 
the radiographs illustrated show adequate demonstration 
of the deep veins. For descending phlebography, the patient 
is examined, again with an overcouch tube, standing, and 
the contrast injected into either the popliteal or the femoral 
veins. This method is useful in demonstrating the compe- 
tence or otherwise, of the valves of the deep venous system, 


VALENTINO, V., 1965. Mvelography (Charles C. Thomas, 
Springfield, Illinois). 

YasHoN, D., and Brearry, R. A., 1966. Tethering of the 
conus medullaris within the sacrum. Journal of Neurology, 
Neurosurgery and Psychiatry, 29, 244—250. 


but similar information can be obtained more comfortably 
with the patient in a semi-vertical position and the use of the 
Valsalva manoeuvre to project the contrast distally, 

The next section deals with the normal appearances 
shown at phlebography and draws attention to some arte- 
facts which may cause confusion in interpretation. After 
this, the appearances of venous thrombosis at its various 
stages, from acute loose thrombus to total occlusion, are 
described. There follow a few illustrations of a direct 
injection of varicose veins, before and after surgery-—a pro- 
cedure not often performed in this country, except in ven- 
ous malformations. 

Some venous dysplasias including the Klippel-Trenauney 
syndrome are illustrated. 

There is a brief section on the place of phlebography in 
venous trauma, and in operations for venous obstruction, 
such as the saphenofemoral bypass. 

The last section on the lower limb deals with displace- 
ments and occlusions due to pelvic tumours. 

In the part devoted to the upper limb, the illustrations of 
the normal anatomy are excellent. The basic technique 
for phlebography recommended is direct injection through 
a cannula in the anticubital fossa. There follow examples 
of venous thrombosis and occlusions both spontaneous and 
secondary to tumours, trauma and radiation. 

The monograph finishes with a list of the most important 
indications for phlebography in the author’s view. 

A small criticism is that there is no index or any refer- 
ences. This could present difficulties for radiologists who 
may well not know, for instance, what Palma’s and Hal- 
sted’s procedures are. 

Although the book is elementary, so is the knowledge of 
many general radiologists. For this reason, the book can 
be recommended as a quick reference atlas for all radiolo- 
gists who may be called upon to carry out phlebography. 

Although the reviewer had his copy professionally trans- 
lated, the book can easily be used by anyone having a little 
French with the help of the clear figures. 

M. Lea THomas 


1976, British Journal of Radiology, 49, 516—518 


Xerotomography of pulmonary lesions 
By R. L. Carnovale, J. E. Martin, T. S. Harle and B.-S. Jing 


The University of Texas, Department of Radiology, Medical School at Houston, Houston, Texas, U.S.A. 
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ABSTRACT 
combination with tomography 1s a useful 


lality in evaluating pulmonary lesions. Comparison is 


ide between this technique and conventional film tomo- 
raphy. Xerotomography is felt to be preferable although it 


Iures consid 


itie nt 


rably higher radiation exposure to the 


\eroradiography has achieved wide acceptance in 
E 


examinations of soft tissues, especially the breast. 


he ease with which masses can be visualized and 


ak incations 


demonstrated on xeromammograms 


rompted us to utilize this modality in evaluation 


1 pulmonar lt SIONS. 


Four physi al 


features make this process an 


xcellent imaging medium for pulmonary lesions. 
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FIG 


ntional film tomogram of mass in left hilar region which is surgically proven oat-cell carcinoma. 
im at the same level. Note better demonstration of trachea, main bronchi, and periphery of lungs. Bronchial 


First, the wide recording latitude permits visual- 
ization on the same image of structures varying in 
density from the relatively opaque mediastinum to the 
lucent periphery of the lungs (Chuang et al., 1974; 
Wolfe, 1973) (Fig. 1). This obviates the need for 
specially designed filters required to demonstrate 
these structures on film tomograms. Oblique views 
also can be obtained without additional filters. 

Secondly, wide exposure latitude permits estab- 
lishment of relatively fixed techniques which are 
suitable for patients of varying sizes (Wolfe, 1969). 

Thirdly, accentuation of interfaces between 
different densities (edge enhancement) aids in 
perception of borders of masses (Bedrossian and 
Martin, 1973) (Fig. 2). 

Fourthly, selective reduction of low spatial 
frequency information, as found in off-fulcrum 


LA * 





occlusion by neoplasm clearly visible 
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Fic. 2. 


(4) Conventional film tomogram of granuloma with central calcification. 
(B) Note the better delineation of the calcifications and borders of the mass on the xerotomogram 





Fic. 3. . 
(4) Conventional film tomogram of hamartoma in the periphery of lung. 


(B) Xerotomogram processed in the positive mode demonstrating margins of nodule and central calcification mor 
distinctly. 
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planes, results in more distinct tomographic images 
{Harle et al., 1975). 

More than 50 patients with various pulmonary 
diseases were examined utilizing both conventional 
film tomography and xerotomography. Initially, 
him tomograms were obtained. Subsequently, a 
single xerotomogram was obtained at the level at 
which the lesion was best demonstrated. These 
studies were evaluated and compared in the 25 
patients in whom there was pathological proof of 
disease. The edges of masses and borders of cavities 
were better defined on xerotomography in five 
patients. In no case were these features better 
visualized on conventional film tomograms. Calcifi- 
cations were demonstrated with equal frequency on 
both recording media. Processing of the xerographic 
image in the negative mode (air appears dark as on 
radiographs) is appropriate for central lesions where 
the trachea and bronchi are to be visualized. Often 
peripheral nodules are demonstrated more clearly 


Discussion 

Xerotomographic images to us are preferable to 
Alm tomograms for the following reasons. Visually, 
the images are more pleasing to the eye. Margins of 
masses appear sharper. Calcifications are more 
distinct, although, in no case were calcifications seen 
on xerographic images when they were not visualized 
en film tomograms. The greatest advantage of 
xerotomographic imaging is in the evaluation of 
central pulmonary lesions. As mentioned previously, 
the ability to evaluate structures varying from the 
dense mediastinum to the radiolucent periphery of 
the lungs on one image eliminates the necessity 
of obtaining multiple films at various techniques and 
projections, and the need for additional filters. 


"——— M aaa a 


Book review 


Complications of Diagnostic Radiology. By J. F. Weigen and 
5. F. Thomas, pp. xui-+ 557, 1973 (Hlinois, U.S.A., Charles 
C. Thomas), $25.75. 

In modern radiological practice the conscientious physi- 
cian must alwavs balance the hazards of not performing a 
necessary study against the potential dangers of the study. 
‘This book provides the essential facts on which to make 
such an assessment. 

The first part of the book considers the physiological and 
pathological reaction to injections of organic iodides and 
other contrast media in great detail. This is followed by 
consideratior of the complications of all the commonly 

* 


The major objection currently to the routine use of 
xerotomography is that the amount of radiation 
exposure is about 15 times that required for con- 
ventional film tomography (Harle et al., 1975). The 
quality of images and amount of information obtain- 
able, however, leads one to utilize this recording 
modality when the lesion is centrally located and in 
patients in whom neoplasia is suspected. The detail 
present has made anticipated special studies such as 
bronchography unnecessary in several patients. 
Research is being carried out to increase the sensitiv- 
ity of xerography and thereby reduce patient 
exposure, 


SUMMARY 

Xerography, coupled with tomography, is useful 
in evaluating pulmonary lesions. The physical 
features responsible are the wide recording and 
exposure latitude, edge enhancement, and suppres- 
sion of off-fulerum blur. Xerotomography yields the 
most fruitful results when demonstrating central 
lesions where both the mediastinum and less dense 
hilar regions are seen clearly on one image. Currently, 
the major obstacle to its routine use 1s the greater 
radiation exposure to the patient, 
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performed specific examinations and prevention and treat- 
ment of the adverse reaction 1s discussed. 

The book is written by general radiologists for general 
radiologists. None of the specialized studies are discussed by 
specialists in the particular field, but there is extensive 
reference to the literature which compensates for what 
some would consider to be a deficit. The book is very read- 
able and what could be a dull subject is put in a way which 
stimulates interest. It is recommended both to radiologists 
and to those referring patients for radiological investigation. 


B. KENDALL. 
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Differential diagnosis of chronic splenomegaly by grey-scale 
ultrasonography: Clinical observations and digital A-scan 


analysis* 


By K. J. W. Taylor, B.Sc., M.D., Ph.D., and J. Milan, B.Sc., M.Sc., Ph.D. 


Royal Marsden Hospital and Institute of Cancer Research, Sutton, Surrey 


(Submitted April, 1975 and in revised form November, 1975) 


ABSTRACT 

Hitherto, ultrasound examination of the spleen has been 
limited to the determination of size and position. Grey-scale 
ultrasonography involves enhanced signal-to-noise ratio so 
that the soft-tissue texture is displayed, and this permits the 
recognition of diffusely abnormal consistency. This facility 
was used to predict lymphomatous involvement of the spleen 
in patients coming to laparotomy in whom an accuracy of 
77:8 per cent was achieved. 

Three types of splenic consistency are described in a series 
of 60 patients presenting with chronic splenomegaly: Very 
low-level echoes emanate from mialignantly involved 
spleens. Medium-level echoes are found in various benign 
conditions and high-level echoes occur in various chronic 
inflammatory conditions. These differences were confirmed 
and quantitated by computerized A-scan analysis. 


Grey-scale imaging techniques produce quantitative 
information on the amplitude of the echoes emanat- 
ing from the internal structure of an organ. This 
can be used in the differential diagnosis of hepatic 
or splenic pathology. The techniques used by Kos- 
soff (1974) for grev-scale visualization have been 
applied to the imaging of fine detail within the liver 
(Taylor et al., 1973). In general it may be stated that 
neoplastic replacement of liver tissue results in areas 
returning lower level echoes than normal while any 
chronic inflammatory state results in increased echo 
amplitude. For example, high-level echoes have 
been noted in fibrotic replacement of tumour fol- 
lowing radiotherapy (Taylor, 1974) and following 
chemotherapy (Gilby and Taylor, 1975). Cirrhosis 
of the liver also results in abnormally high level 
echoes (Holmes, 1966). Fields and Dunn (1973) 
produced theoretical evidence which rationalized 
and substantiated these empirical observations. 
They pointed out that it is difficult to account for 
the magnitude of the returned echoes from soft tis- 
sues purely in terms of the relatively small differ- 
ences in acoustic impedances between them and 
derived an expression in which the magnitude of the 
echo amplitude was expressed in terms of the differ- 
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ence in bulk moduli of the media at an interface 
In particular, they noted that the supporting ele- 
ments, such as collagen and elastin, have bulk 
moduli which exceed those of other tissues by sev- 
eral orders of magnitude. With this rationalization, 
grey-scale visualization of soft organs must be 
considered as the display of the fibrous skeleton 
which is replaced by malignancy and increased in 
fibrotic and cirrhotic states. 

Mountford and Wells (1972a; 1972b) analvsed A- 
scans emanating from the livers of normal and 
cirrhotic subjects and reported that there were sig- 
nificantly higher echo amplitudes in cirrhotic livers 
than in the normal. However, in the present clinical 
situation, the differential diagnosis of hepatobiliary 
disease by grey-scale ultrasound is more dependent 
upon pattern recognition than merely on data con- 
cerning echo amplitude. Thus, although computers 
are capable of, and suited to, rapid A-scan analysis 
most diagnostic potential lies in the spatial dis- 
tribution of the echo amplitude; such pattern recog- 
nition is largely beyond current computer technology 
but presents no problems to the trained diagnosti- 
cian. However, there remain two further applica- 
tions for such computer analysis: to aid in the 
differential diagnosis of splenomegaly, and in the 
mass screening of populations exposed to vinyl 
chloride to detect early periportal fibrosis. 


CLINICAL OBSERVATIONS 

In a series of 60 patients referred for ultrasound 
examination of the spleen, it was noted that different 
pathologies tended to be associated with different 
echo amplitudes from the spleen substance. Clinical 
experience showed that this was of value in the 
differential diagnosis of splenomegaly, assuming 
that the increased echo amplitude was due to in- 
creased fibrous content resulting from an inflam- 
matory process. 


Methods . 
The equipment used in these studies was custom 
built and produced high quality grey-scale images 
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( Pill and Carpenter, 1976). Ultrasonic examination 
t the spleen usually followed examination of the 


liver since this frequently assisted in the differen- 
tal diagnosis of hepatomegaly. Compounded scans 
vere usually carried out since the degradation 01 
resolution inherent in compounding was unimport- 
nt when recording the echo amplitude (Taylor and 


Hill, 1975) 


the spleen siz 


[he method of scanning varied with 
a relatively small spleen was scanned 


bliquely along the 10th intercostal space with the 


patient lying in the right lateral position. Large: 


could De scanned in either the transverse or 


plane and 


ITE al 
ongitudinal the spleen size could be 
stimated by measuring the longitudinal axis deep 
the 10th intercostal space. The amplitude of the 


returned echoes could be qualitatively estimated on 
the A-scan appearance of a beam through the spleen 
ibstance and this was apparent in the brightness of 


the B-mode display 


l'he clinical diagnoses and the number of patients 


ich category are given in Table I. The normal 
DicCnic Cconsistencs is while a leu- 


shown in Fig. 1, 
spleen is shown in Fig. 2. The spleen is not 


d but appears, if anything, a little 
ic normal consistency. This difference 


| by 


3 examination 


however: best judge examination of the A 


scan at the tim« Involvement of the 


'v Hodgkin's disease or lymphoma results in 
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Fic. 1. 


Oblique B-mode ultrasonogram of spleen showing normal 
consistency. 





Fic. 2. 


Oblique B-mode ultrasonogram of spleen showing marked 
enlargement and virtually echo-free 
characteristic of a leukaemic spleen 


consistency. This is 


varying degrees of splenomegaly and a slight de- 
crease in echo amplitude. These criteria were used 
to predict the possibility of splenic involvement in 
20 patients coming to a staging laparotomy for 
lymphoma or Hodgkin’s disease. The accuracy of 
this prediction is shown in Table II. Energetic 
treatment of leukaemias may slightly increase the 
echo amplitude producing fine structure in the 
spleen substance but to a lesser extent than in 
the « onditions desc ribed below 

Intermediate level echoes are seen in a number 
of relatively benign conditions including mvelofi- 
brosis, splenomegaly secondary to portal hyperten- 

(Fig. 3) 
irradiation. 


hepato-splenomegah 
after 


sion, non-tropical 


ind polycythaemia rubra Vera 
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TABLE II 


ACCURACY OF ULTRASOUND PREDICTION OF SPLENK 
INVOLVEMENT IN 20 PATIENTS WITH HODGKIN'S DISEASE AND 
LYMPHOMAS UNDERGOING LAPAROTOMY" 


Correctl\ ve / 19 ^ 
Correctly — ve 5/11 — 72:7 
False + ve 3/11 —27:3 
False —ve 2/9 22.2 


* From Glees et al., 1975, 





FIG. 5. 
B-mode ultrasonogram of porta hepatis (parasagittal sec- 
ton) showing gross enlargement of the portal vein (P) 
ascending into the liver (H). Such appearances indicati 
portal hypertension. 





FIG. 3 


Transverse B-mode ultrasonogram of spleen (S) which is 
markedly enlarged and fills the left half of the abdomen. 
A fine pattern is seen throughout the organ substance, 
similar to that seen in the placenta. This is consistent with 


benign non-tropical hepato-splenomegaly. V is the body of i Po Y | 


the first lumbar vertebra. A large splenic artery (a) is well » Ge 
visualized. 2 » " 
^, 
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Fic. 6. 


Axial B-mode ultrasonogram at the level of the first lumbar 
vertebra (V). Verv high-level echoes originate from both 
the liver (H) and spleen (S). Such echoes from both organs 
indicate a chronic inflammatory process producing hepato- 
splenomegaly. This scan was from a patient with tuber- 
culosis. The left (L) and right (R) kidnevs are well show: 


Splenomegaly due to portal hypertension, most fre- 
quently due to cirrhosis, is particularly easy to 
diagnose by ultrasound since the liver returns ab- 
normally high level echoes (Holmes, 1966), the 
spleen has a characteristic fine structure (Fig. 4) 
and the portal vein can be visualized at the porta 


hepatis and appears both large and tortuous (Fig. 5) 





Fic. 4 in portal hypertension (Taylor and Carpenter, 
O75) 
Oblique B-mode ultrasonogram of spleen which is markedly 1975). : 
enlarged and returns medium level echoes which are dis- The highest echo amplitudes Irom* th« spl CI 
played as a fine structure throughout the organ. This 


i substance have been observed in chronic inflam 
appearance is consistent with splenomegaly due to portal 


hypertension., matory causes of splenomegaly including malaria, 
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erculosis, brucellosis and sarcoidosis. Figure 6 


WS a transverse axial tomogram of a patient 
referred with a presumptive diagnosis of lymphoma. 
Ultrasonic examination of the liver and spleen re- 
ealed an even distribution of very high-level echoes 
both 


indicati C 


oughout organs. These appearances were 
of a 


ocess and strongly against a malignant one. The 


eported as chronic inflammatory 


mphogram and clinical findings supported the 


liagnosis of a lymphoma and a diagnostic laparo- 
omy was carried out. The cut surface of the spl en 


showed white nodules throughout and similar le- 
(ons were present in the liver. However, the ultra- 
sound findings were vindicated by the subsequent 
histological findings of tuberculosis. 

l hree patients in this group with malignancies 


ire of 


special interest. In one of these, the spleen 


howed only benign enlargement at subsequent 


plenectomy: in the other lymphoma, the spleen was 


l^ ( d and 


m 


no explanation can be given at present 
for the unusual appearance. The patient with à 
mveio proliferative disorder was of great interest. 
Splenomegaly had been present for 18 years follow- 


ing a febrile illness in Singapore in childhood 


Phe eventua diagnosis, after splenectomv, Was d 
h^ perimmunc my eloproliferative disorder with renal 
amyloidosis. In many ways, therefore, the splenic 
insistencv would be « xpected to simulate a chronic 


nflammatorv process. 


DIGITAL QUANTIZATION OF A-SCAN THROUGH THI 
"PLEEN SUBSTANCE 

Che above results were of considerable clinical 
value although they were based upon qualitative ob- 
vations and highly dependent on the experience 
the operator. Moreover, it is possible that similar 
changes in appearance could have been produced Dy 
iriations in amplifier gain and absorption com- 
pensation settings. However, the findings have been 


supported by quantitative analysis using a small on- 


line computer; this has indicated how results which 
i! less depi | d« nt of perator experience may be 
ontaine d 


Mi trod 


| he ultrasound equipment was used as described 


anova 


to produce a normal B-mode display through 


spleen. The computer was then switched on-line 


and the scan repeated. During this process the sig- 


nals from the scanner were digitized and stored in 


comput (Digital Equipment Corporation: 


: , 
PDP N/E, 12K words of memory. 1-6 M word mag- 


neri disc | 


In order to produce standardized data when the 
computer was on-line, a constant tissue-absorption 
correction was maintained, no attenuation was used 
and the echo signal range was compressed bv means 
of a full-range logarithmic amplifier. The output 
from this was processed by means of a peak detector 
and 128 samples of each A-scan contributing to the 
B-mode display were digitized to a precision of 6 
bits. The signals from the positional potentiometers 
were digitized separately to a precision of 12 bits 
and both sets of data stored on the magnetic disc in 
real time. 

When the scan was complete, the data stored on 
the disc were processed to produce a B-mode dis- 
This 


96 points and uses 


play on a colour television display system 
display has a resolution of 96 » 
the temperature scale (red-orange-yellow-white) 
to represent echo amplitude. An advantage of such 
a colour scheme is that half-tone photographs are 
A facility 


cessing program to superimpose on the display a 


meaningful. was provided in the pro- 


pair of crosswires (Fig. 7) which were positioned 
to delineate a particular area of interest. ‘The data 
stored on the disc were then processed to extract 
within 


on all the echoes 


the delineated area. The mean and standard devia- 


quantitative information 


tion of echo size were calculated and a histogram 
produced of echo amplitude against frequency of oc- 


currence 





" - 
Fic. Ge 


Computer-processed ultrasonogram of spleen with super- 
imposed crosswires to delineate area of interest. 
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(n) Histogram of echo amplitudes in cirrhosis, myelofibrosis, 
etc. listed in Table I. 


(c) Histogram of echo amplitudes from spleens with high 
level echoes listed in Table | 
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Results 

The three categories of splenic consistency de- 
fined in Table I are illustrated in Fig. 8A-c. Figure 
Sa is the histogram of the normal splenic consistency 
and, with present technology, cannot be distin- 
guished from malignant involvement. In conditions 
such as cirrhosis, myelofibrosis, etc., the spleen 
returned echoes of the size and distribution shown 
im Pig, 88. The chronic inflammatory causes of 
splenomegaly listed in Table I produced histograms 
characterized by Fig. 8c. On first examination it 
appears that there is a loss of a Gaussian distribution 
with the appearance of two populations in the med- 
ium level echo range. However, further examination 
persuaded us that the large number of echoes ap- 
pearing in the first bin was due to a summation of all 
the low echoes which constituted the lower tail of 
the Gaussian distribution. If this is true then the 
only difference between each histogram is the pro- 
gressive shift towards the right and these results are 
intended only to illustrate a method in which 
quantitative information may be obtained on spleno- 
megaly. Insufhcient data have been obtained to de- 
fine confidence limits for the mean echo amplitude 
of each of the three categories; also 1t is not possible 
to equate any category to its corresponding absolute 
mean echo amplitude as this depends on many fac- 
tors such as transducer characteristics, amplifier 
gains, etc. 


Discussion 

The spleen is a difficult organ to examine, being 
inaccessible to palpation unless moderately enlarged, 
whilst clinical evaluation of the consistency of an 
enlarged spleen is of limited value. Isotope imaging 
permits estimation of organ size but this has little 
relation to pathological involvement (Gazet, 1973) 
and does not contribute towards the differential 
diagnosis of splenomegaly. 

Splenoportography may be highly informative but 
i also highly invasive while ultrasound promises 
to be more informative, and totally non-intrusive. 
in theory, any pathology which may be recognized 
by the pathologist or surgeon by examining the 
cut surface of the spleen should be apparent to the 
ultrasonologist on an ultrasound tomographic cut. 
In practice, some improvement is required in the 
signal-to-noise ratio before lymphomatous infiltra- 
tion can be differentiated from the normal consis- 
tency with certainty. Ideally, the normal consistency 
should be displaved. In the patients described here, 
it is interesting to note that the ultrasound predic- 
tion of splenic involvement with lymphoma or Hodg- 


p» 


2 


kin's disease was correct in 77:8 per cent of in- 
volved spleens and 72-7 per cent of non-involved 
spleens. The fact that this difference was not ap- 
parent on digital analysis suggests either some de- 
gradation in the analog to digital converter or in the 
digital signal processing. In either case, technical 
improvements can be carried out. 

To date, ultrasound scanning of the spleen has 
only been used to estimate volume (Kardel et al., 
1971). Indeed, conventional scanners do not have 
sufficient signal-to-noise ratio to display the con- 
sistency of the spleen, even in chronic inflammatory 
states, HOWEVER this series of pee Suggest that 
ae method. In these patiente with honk 
splenomegaly, all 30 spleens returning very low- 
level echoes were malignant. In 30 spleens returning 
medium to high level echoes, 28 were benign 
(medium level echoes were only obtained in poly- 
cythaemia rubra vera after radiotherapy to the 
spleen). There are of course, many other causes of 
splenomegaly which we have not had the opportuni- 
ty to examine so that these results are rather pre- 
liminary ones. 

The findings reported here strongly support the 
concept proposed by Fields and Dunn (1973) and 
imply that grey-scale ultrasound visualization results 
largely in the display of the fibrous skeleton of soft 
tissues. Thus, chronic inflammatory disease results 
in increased echo amplitude while cellular infiltration 
returns very low-level echoes. It might be expected 
that nodular-sclerotic Hodgkin’s disease would pro- 
duce a similar appearance but to date this has not 
been found. One possible explanation for this is that 
echoes are produced but are locally attenuated by 
abnormal cell masses. This is in accordance with 
our observations on some patients with early Hodg- 
kin’s disease who present very low level echoes 
from the liver and who on biopsy, are found to have 
extensive periportal infiltration with lymphocytes. 
This we interpret as being due to local attenuation of 
echoes produced by a normal fibrous skeleton. 

A-scan analysis was first reported by Mountford 
and Wells (1972a; 1972b) for the diagnosis of cir- 
rhosis. Our attempts to apply the digitized technique 
to other liver diseases have been largely unsuccessful 
since the data on spatial distribution of echoes are 
lost. Thus, many diffuse diseases of the liver which 
produce a characteristic pattern do not produce sig- 
nificantly different histograms of echo amplitude. 
Further, there are wide variations in the norm but in 
the same subjects the results are repeatable over 
long periods of time. The technique could, there- 
fore, be used to assess increasing pathology of the 
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liver in patients prone to cirrhosis for social or other 
reasons. 

Exposure to vinyl chloride has been causally re- 
lated to development of liver haemangiosarcomata 
which is presumed to be preceded by fibrotic 
changes. The application of the technique described 
in this paper to the serial examination of the liver 
would permit the early signs of fibrosis to be de- 
tected when full grey-scale ultrasound examinations 
could be performed to visualize the portal vein and 
spleen. The addition of the computer facility permits 
repeated mass examinations of populations exposed 
to hepatotoxic agents by relatively unskilled tech- 
nicians. 
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Book review 


Radiopharmaceuticals. Edited by G. Subramanian, B.A, 
Rhodes, J. F. Cooper and V. J. Sodd, pp. 555, 1975 (New 
York, The Society of Nuclear Medicine, Inc.), $30.00, 

This book is based on an International Symposium on 
Radiopharmaceuticals held in Atlanta, Georgia, in 1974. 
The idea of the symposium was to bring together a wide 
variety of people engaged in the production of radiopharma- 
ceuticals in order to generate a comprehensive review of the 
developments, with up-to-date information on radiophar- 
maceutical technology. Most of the contributions came from 
the United States, but there were a few selected from 
overseas centres, Certainly the Conference was successful 
in its aim and the resultant publication is very compre- 
hensive, covering most aspects of radiopharmaceuticals and 
the use of radioactive diagnostic agents in static and dynamic 
studies. 

The book opens with a short section on basic concepts 
involved in the production and use of radioactive and diag- 
nostic agents. This is followed by sections on the main 
isotopes in use today including Tem, indium and the 
halogens. The section on technetium is valuable, covering 
aspects missing from most of the current texts, including 
chemistry of technetium, labelling of proteins, red blood 
cells and phosphonates. 

The section on the use of halogens includes the produc- 
tion and use of 133], Other papers deal in general terms with 
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the production and use of cyclotron generated isotopes, The 
use of radioactive nitrogen is covered briefly, Papers on 
quality control include analytical methods of chromatogra- 
phy, sterile kits, microbiology and legal problems, 'The last 
eight sections deal with the specific application of radio- 
pharmaceuticals to lung studies, bone, heart, kidney, cister- 
nography, tumour localization and the detecton of deep vein, 
thrombosis. 

The non-homogeneous nature of the publications follow- 
ing many conferences makes one wonder if they are of more 
benefit to the publisher, rather than to the authors or pur- 
chasers of the finished books. One feels this book is an ex- 
ception to the general rule, the finished volume giving a very 
useful review of the state of radiopharmaceutical develop- 
ments at the present time. In general, the papers are of a 
good standard, bringing together a wealth of experience on 
the subject. It will be very valuable as a substitute for a 
formal text-book on radiopharmacology. However, it does 
emphasize the lack of such a text-book at the present time. 
The editors are to be congratulated on their careful choice 
of invited and proffered papers. It is hoped that the subject 
will be brought up to date from time to time, with perhaps 
less emphasis on the clinical aspects which ¢an be found 
easily elsewhere in the multitude of publications now 
available on nuclear medicine. 

V. R MeCreapy. 
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ABSTRACT 

A malignant ovarian tumour has been diagnosed in 373 
patients" referred to the K,R.T.I. from January 1966 to 
june 1972. Serous ovarian carcinoma was the commonest 
type and occurred in 254 patients. The results in these 
patients are studied in detail after staging according to 
F.LG.O. recommendations. Following surgery and post- 
operative radiotherapy, chemotherapy was started immed- 
iately in all patients with progressive disease and after 
randomization also in 50 per cent of the others. The three- 
year survival rate in Stage H patients tended to be more 
favourable following irradiation. of the pelvis and lumbo- 
aortic nodes (55 per cent) than following radiotherapy 
restricted to the pelvic area (40 per cent). The dose should 
be 5-6 krad. The five-year survival was 68 per cent for Stage 
1, 26 per cent for Stage TI and nearly zero for Stages IH and 
IV, as well as for patients referred for treatment of a re- 
currence, In spite of whole-abdomen irradiation 50 per cent 
of the patients in the latter three groups were deceased 
within eight months; therefore chemotherapy should be 
preferred. The main pr oblem in ovarian cancer 1s late diag- 
nosis. Evaluation of results is difficult because numerous 
variable factors concerning pathologv and treatment make 
i. necessary to sub-divide the patients into groups too small 
for statistically reliable conclusions, Each treatment factor 
should be studied by a group of hospitals, 


MATERIAL AND METHODS 

From January 1966 to June 1972, 373 patients 
were referred te the Rotterdamsch Radio: Thera- 
peutisch Instituut (R.R.T.IL) with a diagnosis of 
malignant ovarian tumour. Grouping according to 
histological diagnosis is shown in Table I. This re- 
port will deal mainly with the most frequently 
occurring type: serous ovarian carcinoma. In these 
patients the results are studied in detail after staging 
according to F.L.G.O. recommendations (F.I G.O. 
News, 1965): Table Il. Treatment started with 
surgery performed by the referring gynaecologist 
and was supplemented by post-operative radio- 
therapy. This was immediately followed by chemo- 
therapy in patients with progressive disease when 
irradiation had been completed and also in 50 per 
cent ot the athens ee aes cancomizaucn: The 





growing p tumour or Ms caue Ped irres- 
pective of site. Delayed chemotherapy was started 
when a relapse eccurred during follow-up of pa- 
tients without treatment subsequent to radiotherapy. 
Chemotherapy was applied by means of sequential 
administration of agents with different activity in 
distinct phases of mitosis: Cyclophosphamide (i.v. 


x 





*Chemotherapists: W. F, Stenfert Kroese and J. Blonk vd 
WY st. 





1973) 


200 mg/day, three weeks), interval two weeks, Vin- 
caleucoblastin (i.v. 1x10 mg/week, four weeks), 
interval two weeks, 5 Fluoro-Uracil (1.v. 3 x 750 mg, 
first week, 1: 750 mg second, third and fourth 
week), interval two weeks.* 

Radiotherapy was applied by means of a 6 MV 
linear accelerator through anterior and posterior 
fields, with the patient supine. T'here was no shield- 
ing of kidnevs, liver or spleen. Treatment was given 
five days per week. The dose to pelvis and lumbo- 
aortic nodes was 5 krad (4 krad in 1966 only) and to 


TABLE I 

PATIENTS REFERRED TO THE R.R.T.I. BECAUSE Or A 
MALIGNANT OVARIAN TUMOUR FROM JANUARY 1966 TO JUNE 
1972. l 
(Grouping according to histological diagnosis) 





NA cen enter P 


Number of 


| 
| Histological diagnosis patients 
a aa Si ee aa les el ene ion 
| Serous carcinoma 254 
| Nlucinous carcinoma 22 
| Endometrioid carcinoma 16 
| Mesonephric carcinoma 21 
| Undifferentiated carcinoma 13 
| Dysgerminoma 10 
| Malignant granulosacell tumour 22 
Malignant teratoma 2 
Dermoid cyst with malignant | 
transformation 7 
| Sarcoma 4 
Malignant thecoma 1 
| Malignant sertolicell tumour 1 | | 
119 
| 325 
i i 





TABLE If 
STAGE DISTRIBUTION OF SEROUS OVARIAN CARCINOMA IN 
PATIENTS REFERRED TO THE R.R.T.I. FROM JANUARY 1966 TO 
June 1972 








| 
| Stage (F.I.G.O.) Number of 
patients 9 
la 34 15-4 
Ib 10 4-5 jn Vi 
Ic 7 33:2] 
i 67 30-3 + 100 
| HI 76 34-4 
IV | 27 12-2 
Recurrence | 33 
Total | 254 
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the upper abdomen 2:5 krad in 1966 but 2 krad in 
later years because of severe kidney damage in three 
patients. The corresponding daily doses were 150- 
200 rad and 75 rad respectively. A pelvic dose of 
6 krad was given to 14 patients (six referred for re- 
currence, three Stage II and five Stage III). 
In ten patients radiotherapy had to be abandoned 
before a dose of 4 krad was reached. The positions of 
the fields are shown in Fig. 1. 


RESULTS 

The three-year survival rate is shown in relation 
to the irradiated area for Stages I, II and III and IV 
in Fig. 2. Enlargement of the treated area beyond 
the pelvis (lumbo-aortic and/or upper abdomen) 
may give better results in Stage II patients. Meta- 
stases in the lumbo-aortic nodes were demonstrated 
in 16 out of 50 post-mortem examinations. More 
detailed figures concerning Stage II patients treated 
with a dose of at least 5 krad to the pelvis reveal a 





Fic. 1. 


Field arrangements: pelvis ( —), lumbo-aortic nodes (—-), 
upper abdomen (----:). 


trend to a better survival rate from 40 to 55 per 
cent in association with a dose of 5 krad adminis- 
tered to the lumbo-aortic region (Fig. 3). Inclusion 
of the lumbo-aortic nodes in the irradiated area 
might be useful. The three-year survival rate in re- 
lation to the total dose to the pelvis is shown with 
grouping according to stage in Fig. 4. A trend to 
better results in patients treated with a higher dose 
might be assumed for Stages I and II, but. not for 
III and IV. Clément et al. (1969) reported the best 
results following a dose of more than 6 krad. Such a 
high dose should only be applied to a reduced vol- 
ume. Urbajtel and Abbatucci (1973) also advocated 
that at least 6 krad should be administered. 

The relative number of tumours with a reduction 
in volume of at least one-third following irradiation 
increased with the dose received (Fig. 5). The figure 
shows a clear trend for higher doses to be more 
effective and suggests that a low dose (2 krad) given 
to the upper abdomen will be of little benefit. A 
moving-strip technique was applied in 20 patients 
but no improvement in results was seen. Radio- 
therapy applied to the pelvis and the lumbo-aortic 
nodes resulted in a significantly better three-vear 
survival rate than irradiation restricted to the pelvic 
area (Fig. 6 left). There was no significant difference 
between the stage distributions of the two groups 
and in each of them Stage II patients were the lar- 
gest category. In mainly Stage III and IV patients 
treated with combined pelvic and upper abdominal 
irradiation to a total pelvic dose of 5 krad (33 
fractions/45 days) and a total upper abdominal 
dose of 2-5 or 2 krad (33 fractions/45 days or 27 
fractions/37 days), a booster of 2-5 or 3 krad to the 
lumbo-aortic nodes delivered in the same period 
and resulting in a total dose of 5 krad (33 fractions/ 
45 days) in this area did not increase the three-vear 
survival rate (Fig. 6 right). The four- and five-vear 
survival rates have been calculated by means of 
the actuarial method (Berkson and Gage, 1950). 
The five-year survival rate of Stage | patients 
appeared to be 68 per cent without significant 
differences between Ia, Ib and Ic (Fig. 7). No 
post-operative treatment was given to five Stage 
Ia patients, in whom the tumour had been totally 
removed and was not present at the external surface 
of the capsule: four survived three years or morc. 
Only 26 per cent of Stage II patients lived five vears 
or more and within the first two years 50 per cent 
were deceased. Very poor results were obtained in 
Stage III and IV patients as well as in those re- 
ferred for treatment of a recurrence. , * 

These three groups appeared to have similar sur- 
vival curves showing a 50 per cent decrease within 
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Fic. 2. 
‘Three-year survival rate in relation to the irradiated area: pelvis alone or more than the pelvis (>). ‘The latter category 
concerns patients irradiated over the pelvis and the lumbo-aortic nodes or over the pelvis and the upper abdomen (with or 
without lumbo-aortic booster). Error bars indicate 95 per cent confidence limits. 
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‘Three-year stirvival rate in relation to the irradiated area 
in Stage Il patients treated with a dose to the pelvis of 
at least 5 krad. Error bars indicate 95 per cent confidence 
iie ie 
hmits. 


eight months and almost no five-year survivals. 
It is doubtful whether radiation therapy which lasts 
for about two months can be considered an accep- 
table palliative approach for these groups. - 

Concerning the randomized start of chemo- 
therapy following radiotherapv, no significant differ- 
ence in survival rate could be demonstrated between 
the two groups (Fig. 8). In the treatment of residual 
or recurrent disease with chemotherapy, the best 
results were seen with alkylating agents, Thiotepa | 
and Cyclophosphamide. Data on less frequently oc- 
curring ovarian tumours are presented in Tables 
III and IV; the small numbers precluded statistical 
analysis. The figures concerning serous carcinoma 
in Table III are added for comparison. 


DISCUSSION 
Late diagnosis is the main problem in ovarian 
cancer. Evaluation of results is difficult because 
numerous variable factors concerning pathology and 
mode of treatment produce groups which are too 
small for statistically reliable conclusions. The fol- 
lowing points still need to be investigated in detail. 
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TABLE III 


‘THREE-YEAR SURVIVAL OF PATIENTS REFERRED TO THE R.R.'T.I. BECAUSE OF A MALIGNANT OVARIAN TUMOUR FROM JANUARY 
1966 ro June 1972 














| la | Ib | Ic I | Il | IH | IV | R | ‘Total 
Serous carcinoma 8094 90% 2097 80%, 55% 596 18% 12% 30%, | 
Maucinous carcinoma 3/8 oo 0/1 3/9 0/3 1/6 | — 0/4 4/22 
tndometrioid carcinoma 3/3 — 1/1 4/4 3/9 1/2 — 0/1 8/16 
Mesonephric carcinoma 4/9 — 1/1 5/10 5/8 /2 — 0/1 10/21 
Undifferentiated carcinoma — 2/2 — 2/2 1/1 1/6 0/1 0/3 4/13 
Malignant granulosa cell 
tumour 3/4 1/1 1/1 5/6 0/6 2/6 — 3/4 10/22 
Dysgerminoma 3/3 1/1 — 4/4 — 2/2 1/2 2/2 9/10 








TABLE IV 
INFREQUENTLY OCCURRING MALIGNANT OVARIAN TUMOURS DIAGNOSED FROM JANUARY 1966 ro JUNE 1972 


porcum 


Histological diagnosis 





Malignant teratoma, solid pattern 

Dermoid cyst with squamous cell carcinoma 
Dermoid cyst with squamous cell carcinoma 
Dermoid cyst with squamous cell carcinoma 
Dermoid cyst with squamous cell carcinoma 
Dermoid cvst with adenocarcinoma 

Dermoid cyst with adeno-squamous cell carcinoma 
Dermoid cyst with thvroid carcinoma 
Leiomyosarcoma 

Sarcoma (leiomyo or fibro) 
Mixed mesodermal tumour 
Mixed mesodermal tumour 
Malignant thecacell tumour 
Malignant sertolicell tumour 





R* — Referred for treatment of a recurrence. 


Pathology 
The prognostic significance of: 
(1) the capsule being perforated by the surgeon; 
(2) the capsule already perforated by tumour growth; 
(3) the histological type of the tumour; 
(4) the degree of differentiation. 


Surgery 
The indications for: 
(1) unilateral oophorectomy ; 
(2) omentectomy additional to TAH -- BSO;* 
(3) Removal of maximum quantity of tumour tissue, 


Radiotherapy 
The indications for: 
(1) irradiation; 
(2) the area to be irradiated; 


*Total abdominal hysterectomy and bilateral salpingo- 
oophorectomy. 





25 
Malignant teratoma, metastasis neural pattern E 
| 
| 
i 





Survival in years 
(L= living t = dead) 








A 






Stage 
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(3) the total dose; 
(4) the fractionation. 


Chemotherapy 
The indications for: 
(1) Chemotherapy being used; 
(2) Starting immediately after surgery/radiation or 
being delayed; 
(3) A single agent or combined agents; 
(4) Continuous or interrupted treatment. 


Immunology 

(1) The possibilities of earlier detection of the 
disease and restoration of immunological compe- 
tence after surgery; 

(2) The possible evaluation of changed immunolo- 
gical competence during follow-up ledding to the 
instigation of further treatment measures: 

(3) the role of immunotherapy. 
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Three-year survival rate in relation to the dose applied to the pelvis. Grouping: less than 5 krad (<5) and 5 krad or more 
(= 5). Error bars indicate 95 per cent confidence limits. 


Karcentade uf Our knowledge of the epidemiology of these 


tumours | tumours is very poor. Multicentre co-operation is 
dde a a necessary for study of all these problems. The 
radiotherapy strategy proposed by Young and DeVita (1974) 

% is to establish randomized trials in the search for 


optimal results. Groups of hospitals should start 
with the study of only one variable treatment factor. 
Finally, optimal methods of surgery, radiotherapy, 
chemotherapy, and immunology can be studied in 
different combinations according to stage and other 
characteristics of pathology. Fulfilment of this task 
will take many years but the high mortality of pa- 
tients suffering from a malignant ovarian tumour re- 
quires a systematic approach to the different prob- 
lems at regional, national and international levels. 
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Relative number of tumours with a volume reduction of at 
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Survival curves of patients referred because of a serous ovarian carcinoma from January 1966 to June 1972. 
Left: Mainly Stage I and II patients. 
Grouping according to the irradiated area: O-O pelvis (100 patients), @-@ pelvis and lumbo-aortic nodes (32 patients). 
Right: Mainly Stage IH and IV patients. 
Grouping according to the applied radiotherapy: @-@ irradiation of the pelvis and the upper abdomen with a booster to the 
lumbo-aortic nodes (20 patients), O-O irradiation of the pelvis and the upper abdomen without booster to the lumbo-aortic 
nodes (71 patients). 
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Survival curves of patients referred because of a serous ovarian carcinoma. 
Left: Subdivision into Stage I (O-O), H (BB- BD. 11! (A-A), IV (@-@) and patients referred for treatment of a recur- 
rence R (x—xX) 


Right: Subdivision of Stage I into Stage Ia (0-0), Ib (W-E and Ic (0-9. 
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Book reviews 


Chemotherapy of uragenital tumours. By G. P. Murphy and 
A, Mittelman, pp. 268, 1975 (Illinois, U.S.A., Charles C. 
Thomas), $24.50. 

‘This volume is a collection of ten chapters by four authors. 
it contains 189 pages of text and 27 of references. One-fifth 
of itis devoted to a chapter on "Animal Models for Experi- 
mental Chemotherapy", by M. 5S. Soloway, much of which 
is in fact devoted to carcinogenesis. This ts a good review 
paper of the current state of that field of study. 

Another fifth is devoted to an excellent review of the 


ue ws 


demonstrates the complexity of records required and con- 
vinces the reader that a new and more flexible approach 
wil be needed before such a trial could be established in 
multiple centres. 

Murphy is also the author of a good but short chapter on 
the rare urogenital sarcomas and an excellent account of the 
use of oncolvtics in neuroblastoma. He adds original 
thought and creative suggestion to a good review. 

A. Mittelman gives a good account of the recent status of 
oncolvtic therapy for nephroblastoma and a valuable ac- 
count of progress in the therapy of adrenal tumours. 

His major contribution, however, is a review of the 
oncologv of cancer of the kidney which is stimulating and 
makes us aware of how far the cult of combination therapy 
with untried oncolytic drugs has become entrenched whilst 
other, perhaps more effective, modalities have been evalua- 
ted hardly at all. The use of combination hormone therapy 
in renal cancer is a good example. 

A useful review of testicular tumours by S. K. Carter 


ject. The short chapters on carcinomas of the bladder and 


. Kuipers 


Fic. 8. 

Survival curves of patients referred because of a serous 
ovarian carcinoma from January 1966 to June 1972. 
Subdivision: O-O In trial, chemotherapy without delay, 
39 patients; @-@ In trial, chemotherapy with delay, 46 
patients; i- Bl Not in trial, 169 patients. 


CLEMENT, R., ALMARIC, R., SPITALIER, J. M., Aye, Y., 
and Rogert, F., 1969. Considération sur le traitement 
des tumeurs malignes de l'ovaire, Journal de Radtologie et 
d’ Electrologie, 50, 235-239, 

F.LG.O. News, 1965. Journal of the International Federa- 
tion of Gynaecology and Obstetrics, 3, 208—209. 

UnnajTEL, M., and Apsatrucct, J. S., 1973. Problèmes posés 
par la radiothérapie des épithéliomas germinatifs de 
l'ovaire. Journal de Radiologie et d’ Electrologie, 54, 19-26. 

Younc, R. C., and DeVrra, V. T., 1974. The design of 
clinical trials in the therapy of ovarian carcinoma. 

E.O.R. T.C. Symposium on Clinical Pharmacology with a 
special reference to cancer at the Institut Jules Bordet, 
May 13-18, 1974. 


penis have a heavy and obsolete surgical bias and cannot be 
taken seriously as modern oncology. 

With the last two exceptions, this is a useful collection of 
papers which should be read by any student of modern 
oncology and which will probably remain relevant for at least 
the next two vears. Hever there was an argument in favour 
of the cheap paperback, this is it. Unfortunately it is in fact a 
bound volume and rather expensive at about £12. 


M. L. Fenner. 


Cerebral Angiomas. Advances in Diagnosis and Therapy. 
Edited by H. W. Pia, J. R. W. Gleave, E. Grote, and J. 
Zierski, pp. x-~ 285, illus., 1975 (West Germany, Springer- 
Verlag), $23.80. 

This book is a report of a symposium held in Giessen in 
January, 1974, It deals mainly with practical problems of 
the management of inoperable intracerebral angiomas, but 
there are interesting chapters on modern radiological tech- 
niques used in the diagnosis of cerebral angiomas, includ- 
ing cine, magnification and intra-operative angiography. The 
contributions of greatest interest to radiologists are prob- 
ably those on super-selective angiography of the external 
carotid branches and of embolization of the circulation of 
lesions supplied by the external carotid branches mainly 
contributed by Professor Djindjian. 

The radiological methods, have, however, all been dis- 
cussed elsewhere in the radiological literature and the book 
will be mainly of interest to clinicians, especially surgeons, 
concerned with the present uses of the modern techniques, 
some of which are still evolving. Any radiologist doing 
research on angiomatous malformations will find an ex- 
tensive and up-to-date bibliography. B. KENDALL. 
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Calculation by computer of dose distributions for superficial 
gold-198 implants and the derivation of optimized 


distribution rules 
By R. G. Dale, M.Sc., M.Inst.P.* 


Department of Medical Physics, Charing Cross Hospital 


(Submitted July, 1975 and in revised form November, 1975) 


ABSTRACT 

A computer program has been written which provides 
two-dimensional visualization of the radiation dose distribu- 
tions in the treatment surfaces around single- plane gold seed 
implants. The program was modified in order to investigate 
the uniformity of dose resulting from various patterns of 
seed arrangements, and, for a number of sizes of circular 
implants, practical loading schemes to produce minimum 
dose variations have been tabulated. Comparisons are made 
between dose distributions obtained from application of the 
derived data and those arising from application of the 
Paterson-Parker rules, 


Implantation of 198Au seeds has been carried out 
at Charing Cross Hospital for many years using a 
gun of the type developed at the Roval Marsden 
Hospital. In order to calculate the doses delivered in 
such techniques it has been customary to obtain 
tube-shift radiographs of the implants, and hence to 
construct three-dimensional models showing the 
relative positions of the grains. The majority of 
implants are to superficial sites and are of the single- 
plane tvpe, and where possible have been carried out 
using the Paterson-Parker principles set out by 
Meredith (1947). The milligram-hour tables de- 
veloped for St by these authors have been 
used to calculate the effective minimum dose in the 
treatment plane 0:5 cm distant from the plane 
containing the grains, the necessary corrections 
being made to take account of the half-life and 
specific y-ray constant of 198Au, For those cases in 
which the grains lie in an almost perfect plane, this 
figure alone has been used to specify the dose to the 
lesion; in instances where the anatomical location of 
the implant causes the grains to define a non-planar 
surface, specific sites of interest have been located 
on the reconstructed models, and the doses at these 
sites calculated from a summation of the individual 
doses attributable to each gold grain. 

In order to obtain more comprehensive informa- 
tion from the three-dimensional grain co-ordinates 
(e.g. immediate localization of high or low dose 
regions), a computer program was developed to 
provide a visual representation in two-dimensions 


m eed nere eS eR ARH 





*Copies of the program are available on request from the 
author at the above address. 


of the dose distributions in the surfaces of interest, 
1e. two surfaces, each of which is 0-5 cm distant 
from the surface containing the seeds. The program 
is written in BASIC and operates on the Kronos 
time-sharing system of Imperial College, London, 
via an Olivetti Te. 300 teletypewriter (TTY). The 
outputs, in the form of hard-copy print-outs 
obtained directly fromthe TTY, are full-size displays 
of the regional variations in dose in which typewriter 
characters are used to indicate the dose at any 
particular location. 

The decision to build into the program the facility 
for calculating doses in surfaces was made | »ecause 
practically no single-plane implant has al! the grains 
arranged i in a perfect plane. If only dose distributions 
in planes are considered, then false conclusions may 
be drawn regarding the accuracy of the implant. An 
illustration of the possible effects arising from view- 
ing distributions in planes is shown in Fig. la. The 
diagram shows a cross-section through a planar 
implant which has been carried out to a superficial 
site, but where the surface curvature has caused the 
plane of the implant to become deformed in the 
manner indicated. The whole implant (when con- 
sidering also its other dimension normal to the page), 
may approximate to part of the surface of a cylinder 
or part of the surface of a sphere, but in either case 
examination of dose distributions in selected planes 
(as indicated in the diagram) could lead the radio- 
therapist to feel that the implant is considerably 
worse than in fact it is, since there would appear on 
the computer output apparent hot and cold spots 
which could be confused with those which are 
genuine, resulting from grains being spaced either 
too closely or too far apart. 

By considering the treatment surface as being 
0-5 cm distant from the surface into which the 
grains have been implanted, a truer picture results, 
as illustrated in Fig. 15. Here the seeds do not form 
quite such a regular contour as before, but neverthe- 
less represent part of a reasonable implànt. For the 
particular cross-section considered, the dotted line 
indicates the surface of maximum dose (£e. the 
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surface containing the grains) The program as 
iia aa sae aay Ee in those surfaces represented 
p The computer 
sini: is pater to oe the dose distribution 
which would be seen in each of the two surfaces 
when viewed in the direction X X', which is a line 
normal to the plane (denoted by P in the diagram), 
which best fits all the grains. In fact the print-outs 
may be«considered to be a simple projection of each 
of the two dose surfaces in turn onto a plane which 
is parallel to P, this plane being represented in 
reality by the paper onto which the output is typed. 


CONSTRUCTION OF THE PROGRAM 

The important parts of the program are those 
dealing with the identification of the maximum dose 
surface containing the gold grains and the two 
surfaces over which dose calculations are required. 
The three-dimensional co-ordinates of all the seeds 
in the implant are entered into the computer, and 
the flat plane (e.g. P in Fig. 18) which best fits these 
sources is calculated by the method of least squares. 
To make subsequent manipulation of the data 
easier, this plane is translated and rotated such that 
it becomes the plane given by Z —0, and the seed co- 
ordinates are transformed accordingly. After this 
transformation, the new grain co-ordinates still bear 
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AES Fic. 1. 
Cross-sections through “planar” implants. 
(A) Selected planes passing through implant. 
(n) Surfaces at fixed distance from maximum dose surface. 


the same geometrical relationship to each other as 
they did before. 

The zone of interest in the plane Z —Ü is taken to 
be the projected area within the boundary of the 
implant, together with a peripheral region which 
extends for at least 2-5 cm outside that boundary. 
Sites within this region which correspond to TTY 
character positions (spaced to give ten characters to 
the inch horizontally on the hard copy and six lines 
to the inch vertically), are then identified in terms of 
their (x, y) co-ordinates. Even in the case of a small 
implant (approximately 2 cm in diameter) this results 
in the selection of about 330 such sites and, for each 
of these, the doses at points lying along a line normal 
to the plane Z==0 are calculated at intervals of 1 or 
2 mm. With implants containing more than six grains, 
the doses along each line are determined by summing 
the contributions only from the six grains closest to 
theline. The distance interval selected for any one line 
depends onthe magnitude ofthe value(Zmax.— Zmin.); 
Zmar js the maximum Z oporana erg ds to 


bine the minimum Z co- nae The P 
intervals along each line are normally in 1 mm steps 
over the range Zmin.tO Zmax. except in the rare cases 
where (Zmax.—Zmin.) > 1 cm, in which case the steps 
are of 2 mm. This approach is adopted solely to 
reduce the computation time when running the 
program; if an implant comprises less than six 
grains, then all are used at this stage. For the line 
passing through each site corresponding to a 
character position, the Z co-ordinate (Z') at which 
the maximum dose occurs is identified, and thus 
the maximum dose surface is computed as a series of 
Cartesian co-ordinates, each of the form (x, y, 3’), 
where (x, y) defines a print position. The two dose 
surfaces of interest are then described as a series 
of co-ordinates which take the form (x, y, 2'4- 0-5) 
for one surface, and (x, v, 2' —0-5) for the other. By 
writing the program in this way, it is possible to 
ensure that none of the subsequent dose calculations 
are made at sites closer than 0-5 cm to the nearest 
grain. 

'The calculation of doses in the program are based 
on a formula due to Meisberger et al. (1968). 
According to these authors, the ratio of the exposure 
in water to the exposure in air at a point, distance 
x cm from a point source of !98Au, is given by the 
diae 

2-1. Dx (1) 
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Equation (1) takes account of the attenuation and 
build-up effects of radiation from !98Au in water. 
Using this formula with the value of x set at 0-5 cm 
yields a figure of 1-027 for the exposure ratio, 
i.e. the exposure in water is 2-7 per cent higher than 
that which would be obtained by straightforward 
application of the inverse square law. For values of 
x greater than about 4-5 cm, the function indicates 
that use of the inverse square law alone would 
lead to an overestimation of the exposure at such 
distances. | 

The dose Dy (in rad) delivered at a site, distance 
x cm from a grain, is calculated for each grain in turn 
by the formula 

DaS f(s). T Tere. fau- (2) 
where Sis the source strength in mCi/grain, 
Fis the specific y-ray constant for 198Au 
(2:35 R /hr-1mC-1 at 1 em), 
Tete is the effective life of the i isotope 
(93-5 hours), 
and fau is the rad/róntgen conversion factor 
at 0-41 MeV (0-968). 

Having calculated the dose contributions within 
the zone of interest in each surface from all the 
implanted grains, the program smooths out the 
resulting distribution by means of a nine-point block 
in which each element of the original dose matrix is 
replaced by a weighted average of itself and 
neighbouring elements. 'T'he nine-point routine uses 
the following weighting factors: 


I 2 1 
Ha 4 2 SAP 
l d 1 


Tests carried out using data from previous 
implants showed that this method of smoothing is 
not too severe, and has the effect of giving increased 
prominence to hot and cold spots which arise in 
non-perfect distributions. After smoothing, each of 
the elements in each of the new dose matrices is 
normalized in terms of the maximum dose found 
within that matrix, and the doses are then coded in 
terms of TTY characters, The matrices are then 
printed out together with x—y reference axes and a 
key to the character meanings. A typical output for a 
clinical case is shown in Fig. 2. 

The degree of similarity between the two print- 
outs corresponding to each matrix is in itself an 
indication of the extent to which individual grains 


un 


in the implant depart from lying in a smooth, 
symmetrical surface; the print-outs are generally 
identical only if the implant is truly planar. The 
decision as to which of the print-outs is most relevant 
in a particular case depends largely upon where the 
seeds have been inserted. If all the grains are at a 
depth of more than 0-5 cm beneath the tissue surface 
then both are useful; if the grains tend to be more 
superficial than this then the print-out dabelled 
“0-5 cm below implant" in Fig. 2 is of more value. In 
this instance the other print-out is somewhat mean- 
ingless since it refers to a surface in air rather than 
tissue. Prior to inclusion in the patient's notes the 
computer outputs may be coloured or isodose 
curves may be added by hand. 


DERIVATION OF OPTIMIZED DISTRIBUTION RULES 

Inspection of the isodose distributions existing 
around implants carried out by application of the 
Paterson-Parker rules indicated the extent to which 
this system leads to relative overdosing in the 
central region of the treatment surface and relative 
underdosing in the peripheral regions. Also clearly 
observable were the less systematic inhomogeneities 
existing in the dose patterns around small implants 
consisting of only a few grains, where, of course, 
strict interpretation of the Manchester Rules 
specifying a 2/3 — 1/3 distribution of activity is 
generally impossible. Part of the program already 
described was therefore rewritten in order to deter- 
mine to what extent uniformity of dose was obtain- 
able in practical situations, Le. for given implant 
sizes and grain activities. 

As this was to be a feasibility investigation, which 
could not take into account all the variables met 
with in practice, the problem was simplified by 
imposing a number of restrictions, which were as 
follows :— 

(1) only grains of initial activities 3 and 4 mCi were 
considered, these being the nominal strengths 
normally used at this Centre; 

only perfectly planar implants were considered ; 
circular implants only were examined, having 
diameters ranging from 2 to 6 cm in steps of 
0-5 cm (very few implants carried out in this 
Hospital have mean diameters greater than 
about 4 cm); 

grains in the central region of an implant were 
to be specifically placed at uniform spacings in a 
ring of half-diameter and, if necessary, at the 
centre spot. 

The modified program, also in. BASIC, was 
designed to generate its own grain co-ordinates in 
the plane Z=-0. For a given diameter of implant, the 


(2) 
(3) 


(4) 
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(— £5 cm above implant 0-5 em below implant 
z Maximum dose in surface == 8,238 rad. Maximum dose in surface = 8,583 rad 
Fic, 2. 

À typical printout for a clinical case. 
Site: gland in neck (left side) 
Number of grains: 12 
Initial activities (millicuries per grain): 4-1 
Range of X —10-3 to 13-7 cm 
Range of Y —4-4 to 7-5 cm 
Range of Z= —1:0 to 0:47 cm 

Kev 

Symbol Range (per cent of maximum) 

X 100 per cent (maximum) 

H 80-99 per cent 

m 60-79 per cent 

d: 40-59 per cent 

Ü 20—39 per cent 

doses in the plane Ze-0-5 were calculated using An example of how the program operated in a 


formulae (1) and (2) and, as before, doses were 
computed at sites corresponding to print positions 
on the TTY. In this case, print positions lying 
outside the boundary of the implant were not 
included for calculation. The standard deviation of 
the doses in the dose matrix, expressed as a percent- 
age of the average dose to all the sites, was taken to be 
a measure of the uniformity of a given distribution, 
Le. the "best" seed arrangement for a given diam- 
eter of implant would be the one giving the mini- 
mum value of this statistic. The number of sites at 
which doses were calculated ranged from about 34 
for the 2 cm-circle to approximately 270 for the 
6 cm circle. The nine-point smoothing routine was 
not utilized in this program. 


particular case is as follows. For a circle of 2:5 cm 
diameter, the amount of radium required for 
1,000 R at the 0-5 cm treatment plane is 159 mg- 
hours, according to the Paterson-Parker tables. 
Using the appropriate conversion factors, the total 
activity of 198Au needed for 6,000 rad is thus 35-3 
mCi. If 3 mCi seeds are used, then approximately 
12 grains would be required to deliver this dose. In 
the program, this number of seeds were initially 
assumed to be uniformly spaced in a 2:5 cm diameter 
circle, and the dose variations over the plane Z —0-5 
were determined as described. The distribution of 
the sources was then altered in accordance with the 
pattern followed in Table I (in the running of the 
program, more combinations were tested than are 
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TABLE I 


AN EXAMPLE OF THE SEQUENCE OF LOADING DISTRIBUTIONS TESTED. THE IMPLANT CONSISTS OF A 2-5 CM DIAMETER CIRCLE 
LOADED WITH 12 x 3 mCi GRAINS 






Outer ring 





(2:5 cm diameter) 12 
Inner ring 

(1-25 cm diameter) 0 
Centre 0 











Standard deviation 
(expressed as a percentage of the 


mean dose) 11:53 | 10-51 





7:14 
















6:03 | 8:11 | 11:40 | 14-51 





TABLE Ii 


LOADING SYSTEMS TO GIVE MINIMUM DOSE VARIATIONS IN A PLANE Ü:5 CM FROM A PLANE CONTAINING GOLD GRAINS 
A. Approximate activity of grains 3 mCi 


Diameter of circle (cm) 


Percentage standard 
deviation 


Percentage standard 
deviation 


shown here). For the circle size considered, the best 
loading pattern appears to be one in which 11 grains 
are spaced uniformly in the outer ring and one grain 
is placed at the centre. Using a total of 12 grains, 
the Manchester Rules would suggest the use of 
eight seeds in the outer ring, together with four 
evenly distributed in the central region. For every 
loading scheme examined, the dose variations in the 
treatment plane were noted, and the grain arrange- 
ments giving the minimum standard deviations were 





tabulated. In each case the average dose to the plane 
at 0-5 cm was calculated, and the activity per grain 
to give exactly 6,000 rad subsequently determined. 
The results of doing this are shown in Table II. 

As was to be expected, the variations in dose resulting 
from using 3 mCi seeds in a given size of implant 
are lower than if a smaller number 4 mCi seeds are 
employed. Also, although the grain drrangements 
are different from those specified by the Manchester 
Rules, it will be noticed that the required. activity 
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Fig. 3. 


Print-out for 4 em diameter circles. 


(A) Distribution arising from optimized 12/4/0 loading scheme. Grain activities 3:88 mCi maximum surface dose 6,655 rad 
(8) Distribution arising from Paterson-Parker 10/4/1 loading scheme. Grain activities 4-23 mCi, maximum surface dose 
7,993 rad. 


Key 
Symbol Range (per cent of maximum) 
X 100 per cent (maximum) 
H 80—99 per cent 
: — 60—79 per cent 
. P5 40-59 per cent 
ü 20--39 per cent 


per grain to deliver 6,000 rad ts in all cases very close 
to the nominal figure initially used to derive the 
approximate number of sources required for each 
of the circles. The spacings of the seeds in the outer 
ring are remarkably constant for all implant sizes, 
being 8-1 mm for the 3 mCi grains, and 10-i-1 mm 
for the 4 mCi grains. 

An indication of the differences between the dose 
distributions produced by the two alternative load- 
ing schemes is demonstrated in Fig. 3, which shows 
print-outs, for 4 cm diameter circles, obtained from 
the first program described in this paper. The 
distribution resulting from the 12/4/0 loading pattern 
of Table H, with grain activities of 3-88 mCi to 
deliver a mean dose of 6,000 rad, is shown in Fig. 3a. 
The maximum dose in the treatment plane is 6,655 
rad and the fall off at the edges is to a minimum of 
80 per cent of this figure, £e. 5,324 rad. Using 
corrected mg-hour charts and loading the same size 
of implant in the form of a Manchester 2/3 — 1/3 
distribution consisting of an outer ring, inner ring 
of half-diameter and centre spot, results in using 15 
grains of activity 4-23 mCi in the form of a 10/4/1 
loading (Fig. 3b). This leads to a maximum dose of 

7,993 rad anti a fall off to approximately 60 per cent 
of this figure, Le. 4,796 rad. If radium were being 
used, then according to Paterson-Parker application 


of the Manchester Rules should give an effective 
minimum dose of 6,000 rad, with an absolute mini- 
mum which is 10 Der cent less. E the case of the 
is 2 20 per cent t less than 6, 000 ud. while the central 
region dose is 33 per cent higher than the average. 


DISCUSSION 
In recent years, a number of papers have been 
published on the application of computer techniques 
to interstitial dosimetry, e.g. Jameson ef al. (1968), 
Laughlin et al. (1963), and Shalek and Stovall 
(1961). The usual aim is to present the dose distribu- 
tion as it would appear in a number of representative 


planar "slices" which may be made through the 
treated volume. Detailed information may be 


gained in this manner, and if the implants themselves 
are designed to be of the "volume" type, then this is 
probably the best way of extracting information 
from which the magnitude of the dose variations 
throughout the treated tissue may be assessed. For 
single-plane implants, however, more care may be 
required in the interpretation. of such forms of 
visualization, as 1s discussed in the Introduction and 
illustrated in Fig. 14. 

Using the first program described in this paper, 
such difficulties are largely overcome because the 


538 


June 1976 


Calculation by computer of dose distributions for superficial gold-198 implants 


dose distributions examined are not necessarily in a 
plane, but are in surfaces which are at a fixed 
distance either side of the surface containing the gold 
grains. In the planning of a planar implant, the 
main aim is to deliver a specified dose in a region 
which is at a given distance (usually 0-5 cm) from the 
implanted surface. By more precisely identifying 
the treatment surface, the computer output gives an 
immediate indication to the radiotherapist of how 
successful the treatment is in fulfilling this objective. 

In the past two years, the program has provided 
useful visualization of dose distributions around 
single-plane implants for almost every patient so 
treated. The only limitation met with in practice is 
in cases where the site treated exhibits severe surface 
curvature (e.g. in the lateral borders of the tongue or 
the floor of the mouth), where particular care is 
required in the interpretation of a two-dimensional 
projection of such a surface. The same consideration 
applies in some implants to deep sites (e.g. the bladder) 
where planar implants performed at the time of 
operation tend to form into volume-type implants 
when the tissues are stitched. In such cases, an 
inspection of the grain co-ordinates obtained from 
the tube-shift radiographs will indicate whether or 
not the dose calculation would be better carried out 
using a reconstructed model. 

The second program sets out to devise loading 
schemes for circular implants which, if correctly 
followed in practice, will deliver as uniform a dose as 
possible in the treatment surface for a given number 
of gold grains. Meredith et al. (1966) have investi- 
gated the applicability of the Paterson-Parker rules 
to a number of other clinically useful isotopes (137Cs, 
19?]r and !98Au), and have concluded that each 
could be used as a satisfactory alternative to radium. 
However, the distribution rules derived here do not 
depend in any way on the inherent assumptions 
initially made regarding radium dosimetry in the 
compilation of the Manchester Rules. The use of a 
computer has enabled a large number of discrete 
loading arrangements to be examined in a “trial and 
error" approach, from which selection of an optimal 
distribution of sources for a given size of implant 
is based solely on the uniformity of the associated 
dose pattern. Also, by defining fairly precisely where 
the central grains should be located (e.g. how many 
should be evenly spaced in the circle of half-diameter, 
and whether or not a central source is required), the 
problem of randomly allocating grains in the central 
region is largely overcome and the chance of 
inadvertently obtaining extreme local dose variations 
is reduced. 


It may be argued that some small tumours have a 
cross-sectional form which is lens-shaped rather 
than rectangular and that the isodose contours 
around an implant should take this shape also. In 
order to achieve such distributions, alternative 
proposals for the arrangement of radium needles have 
been made by Howells and Oliver (1964), but for 
small implants, even the unmodified Paterson- 
Parker rules, when applied to gold seeds, lead to 
distributions giving a higher than average dose in the 
central region of the treatment plane, with a 
corresponding lower dose towards the perimeter, 
However, it is particularly the case for these small 
implants, where only a few grains are employed, that 
the true shape of the isodose curves is strongly 
dependent on the relative positioning of the grains 
in the central region. 

The results here describe loading schemes which 
reduce the likelihood of obtaining large local dose 
variations in the treatment plane, but in some cases 
this may be at the expense of losing what may have 
been a more or less ideal lens-shaped isodose 
structure. The decision as to whether an optimized 
rectangular distribution is preferable or not to one 
which is lens-shaped with larger local inhonio- 
geneities 1s a clinical one which can only be made for 
individual lesions, taking account of their shape and 
anatomical location. 
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ABSTRACT 

Abnormal femoral head activity in Legg-Calve-Perthes' 
disease has been measured using *"Tc?-polyphosphate and 
à gamma camera/computer data collection system. A 
reference point on the data matrix, which is unaffected bv 
the disease, 1s used for deriving comparative uptake ratios 
in each femoral head. The reference point remains un- 
altered after surgical procedures or short intervals between 
follow-up studies. Early abnormality can be measured in 
both unilateral and bilateral femoral head pathology. 


The importance of assessing femoral head vascular- 
ity and osteogenic activity in children and adults 
has been stressed by a number of workers (Tucker, 
1949. Trueta, 1957; Ponseti and Cotton, 1961; 
Richards and Brookes, 1969; Kemp, 1973). The 
introduction of bone sampling techniques by Tucker 
(1950), using ??P, significantly improved the early 
diagnosis of femoral head disease and provided a 
more sensitive method for detection. More recent 
advances in this field have allowed external detection 
and imaging using gamma-emitting radioisotopes 
(Riggins et al., 1974; Bohr, 1973). Further improve- 
ments in gamma-camera image quality have become 
possible with the introduction of 99'T'cem-phosphate 
complexes (Subramanian et al, 1971; Subra- 
manian and McAfee, 1971). These have important 
advantages over other bone seeking radionuclides 
(Rayudu et al, 1972; Krishnamurphy et al., 1973; 
Barrett and Smith, 1974; Hardy and Newble, 1974) 
and consequently have become popular agents for 
femoral head imaging in adults (Desaulniers et al., 
1974; Webber ef al., 1974) and children (Bell et al., 
1972; Danigelis et aL, 1974; Blair ef aL, 1972: 
Schuler et al., 1972). 

Much of the diagnostic information obtained from 
femoral head scanning has been derived from 
qualitative displays. It is the purpose of this paper to 
describe a Sensitive quantitative technique which 


RORIS a cc ns 
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has been used successfu ud in the diagnosis of Legg- 
Calve-Perthes' disease 


Polyphosphate localization 

Initial uptake of polyphosphate in the skeleton ts 
dependent on regional vascular supply (Desaulniers 
et al., 1974; Webber et al., 1974; Thrall and Geslien, 

1974); indeed, polyphosphate levels in superficial 
hyperaemic tissue can obscure bone activity (Thrall 
and Geslien, 1974). However, the later stages of poly- 
phosphate uptake involve a trapping mechanism by 
the bone hydroxyapatite, since sodium pertechnetate 
per se shows very little affinity for the bone mineral 
(Desaulniers et al., 1974). At this stage the chain 
length of the polyphosphate molecule is critical if 
optimum mineral trapping is to be achieved, and 
recent assessment of in-vivo trapping efficiency has 
shown that the optimum chain lengths are 30-60 
phosphate units long (King et al., 1973). Experiments 
have been performed to demonstrate the relation- 
ship between exchangeable and incorporated isotope, 
using a commercially available polyphosphate 
(Duphar) Studies so far, using a technique 
described by Elves (1974), have suggested that at four 
hours 30 per cent of the activity is due to loose bind- 
ing rather than accretion. 

Autoradiographic techniques (‘Tilden et al., 1973) 
have shown that the 99'T'en-polvphosphate complex 
is localized in precise patterns, indicating both an 
affinitv for mature bone mineral structures and areas 
of osteocyte concentration where active mineral turn- 
over would be expected. Enzyme activity, associated 
with mineral metabolic pathways, should be another 
trapping mechanism for polyphosphate complexes. 
Supporting this hypothesis, concentrations have 
been seen in non-bony regions of mammary tissue 
rich in phosphatase (Zimmer et al., 1974) and in lung 
tumours containing calcitonin (Merrick, 1974). 
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From these observations it would seem that the 
factors leading to polvphosphate localization in bone 
are: 

(1) vascularity; 

(2) loose binding; 

(3) enzyme activity; 

(4) mineral trapping by the bone hydroxyapatite. 


Application to femoral head studies 

"The localization of 99Tcm-polvphosphate in the 
femoral head is sensitive to pathological variations 
(Webber et al., 1974; Bell et al., 1972; Danigelis 
et al., 1974). À quantitative assessment of femoral 
head activity in children with Perthes' disease should 
provide an accurate comparative measure aiding 
both diagnosis and follow-up. 

Quantitative assessments of bone activity at 
other sites using data collected by computer 
(Stevenson ef al., 1973; Genant et al., 1974) and 
multichannel analyser (Citrin et al., 1974) have 
been reported. Bohr (1973) has studied the revas- 
cularization of the femoral head in Perthes’ disease 
using densitometry and !8F scintigraphy. Our 
quantitative computer method, using 99Tcm-poly- 
phosphate, measures the change in vascularity and 
reactive new bone formation. 

Tucker (1950) noted that dead bone in the 
femoral head may attract calcium salts from sur- 
rounding fluids. This ionic concentration may also 
contribute to the increased polyphosphate uptake 
in this region that we and other workers have ob- 
served (Webber et al., 1974). 


METHODS AND MATERIALS 

A sample group of 18 children of both sexes, aged 
between four and ten years, who were either 
suspected or confirmed to have Perthes' disease, 
was investigated. Polyphosphate bone scans were 
performed: 

(1) as a diagnostic procedure; 

(2) prior to corrective surgery ; 

(3) three months after surgery ; 

(4) in some cases, six months after surgery. 

A number of normal hips formed a control group. 
These were taken from children having polv- 
phosphate bone scans for other pathologv. Both 
postero-anterior (PA) and antero-posterior (AP) 
radiographs were taken on the same day as the 
radioisotope study. 

The weights of the children were known and an 
intravenous dose of 140 4Ci/kg was administered. 
Three hours after the injection the patient, having 
emptied his bladder, was placed supine under a 
five-inch double-headed scanner (Ohio Nuclear 84) 
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and photoscans from the pelvic area obtained. 
Standard low energy collimators were used, each 
scan taking 35-40 minutes for completion. The same 
patient position was maintained for a gamma- 
camera quantitative study so that the femoral head 
region was in the upper half of the camera field of 
view and the bladder activity adequately shielded 
with a small circle of lead sheet. A total of 500,000 
counts was collected by the computer in about three 
minutes, using a high sensitivity, low energy, 
parallel hole collimator. 

The gamma camera used in these studies 
(Nuclear Enterprises Mk. III) was interfaced to a 
PDP 11/45 computer (Dowsett and Roberts, 1974) 
and the data collection carried out in frame mode 
using a 64 64 matrix. The reliable quantitation of 
this data depended on the choice of a suitable 
reference site in order that comparisons between 
normal and abnormal femoral heads could be made. 
Our choice of this reference site was difficult due to 
the heterogeneous uptake in the complex structure 
of the pelvic girdle and lower spine. A multiple 
contour plot of this area, shown in Fig. 1, illustrates 
this point. The femoral head itself was rejected as a 
possible reference source, as bilateral involvemeht 
is possible. After careful study the most reliable 


Fic. 1. 


Contour plot of the antero-posterior pelvic area from data 
collected by the computer. The contours range from 100 to 
500 counts per matrix area illustrating the complex uptake 
pattern in a child’s pelvic region. The shielded bladder 
region (B), the two femoral heads (F), wigh the right side 
abnormal, and the sacral area (S) are shown. Sharp density 
changes throughout this region make it unsuitable for 
reference siting. 
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reference point within the camera field of view was 
found to be on the femoral shaft. 

A Fortran programme was used to select auto- 
matically the maximum count area for each femoral 
head present in the data matrix. A five-point mean 
value was then calculated from each maximum and 
its surrounding areas and this centroid value was 
compared to the reference value taken from the 
upper femoral shaft region. This gave an uptake 
ratio for each femoral head. Of the several methods 
investigated, the most reliable reference point on the 
femoral shaft was 15 matrix areas* below the 
femoral head maximum on the normal side; three 
vertical areas centred about this point gave the 
reference mean value used throughout the analysis. 
The approximate anatomical position of this 
reference site is indicated with an arrow on the right 
femoral shaft of scintiphoto Fig. 68. The two ratios, 
obtained from the reference mean and the two 
femoral head centroid values, give a comparative 
measure for the femoral head activities. Femoral 


*Üne matrix area equivalent to 4 mm on the gamma camera 
face. 
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Fic. 2. 


The flowchart of the computer programme used in the fem- 

oral head analtsis. The data matrix is printed out twice; first 

to check coordinates of the bladder remnants for erasing; 

secondly, at the finish of the analysis, when the activity 
contours are shown as blank areas. 


head activity contours are also shown on the 
programme display by noting all matrix areas which 
have a count greater than the femoral shaft reference 
value multiplied by an empirical constant of 2:5. 
These contours indicate the extent of the activity 
in each femoral head. A flowchart for the entire 
programme is shown in Fig. 2. 


RESULTS 

'The normal femoral shaft reference mean from a 
number of patients was tested for reliability over a 
follow-up period. No significant difference was 
found between sets of normal shaft references 
obtained on separate occasions; the £ value was 
0-705 (19.905:-2-07) and the difference between 
sample variances was small, F value 1:05 (Fo.05 — 
3.24). Therefore the reproducibility of a normal 
reference in the same patient during a typical follow- 
up period was adequate for reliable quantitative 
comparisons. Maintaining a precise anatomical 
position for the reference site, in different patient 
sizes, has not been found necessary. 

The mean values of the “normal femoral head: 
normal shaft" ratio, for each age group seen in this 
study, are shown plotted in Fig. 3, together with 


their standard deviations. Clinically abnormal 
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Fic. 3. 
A plot of normal femoral head ratios (mean -i+ one standard 
deviation) for separate age groups from 4 to 11 years (9). 
Cases of Perthes’ disease (3) show consistently high uptake 
values, The lower values (A) following surgery have 
decreased femoral head activity. The adult normal value (A) 
is shown for comparison. 
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Quantitative analysis from a normal seven-year-old girl. 

Both femoral heads are within the normal range for this age 

group. The data print-out beneath the display consists of: 

(1) X, Y fix(max): Giving the X,Y co-ordinates of the right 
and left maximum in the original data matrix. 

(2) Centroid mean: Computed from the maximum value and 
adjacent four cells. 

(3) Area within the reference contour: Number of matrix cells 
within the reference contour, computed as (6) multiplied 
by (7) described below. 

(4) Total counts within area: The total count within contour 
(3) above. 

(5) Ratio between centroid mean and ref.: Ratio formed 
between right and left mean values from (2) and (6). 

(6) Reference mean shaft: Mean value formed from 3-point 
vertical group fixed 15 cells below (1) on the normal shaft. 

(7) Constant: Used to compute reference contour in (3). 

(8) Age group: Age of patient requested at programme 
initiation. 


femoral heads are seen to fall significantly outside 
the normal range for each age group. The analytical 
display for a normal seven-year-old child is shown in 
Fig. 4 where both the femoral head activity ratios 
are within the normal range for this age group. 
Figure 5 demonstrates the sensitivity of the com- 
puter analysis on a patient following femoral 
osteotomy. The photoscan and gamma-camera 
scintiscan are shown in Fig. 64, B. Here it can be 
seen that the osteotomy of the left femur has 
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Fic. 5. 


The quantitative analysis showing an abnormally low ratio 

on the left side due to a previous osteotomy. The right femoral 

head shows a normal ratio for this age group (six years). 

The photoscan and gamma-camera picture from this case 
are shown in Fig. 6. 


reduced the femoral head activity ratio below the 
expected normal value for this age. 

The ability to detect bilateral femoral head 
abnormality was tested by fixing a femoral-shaft 
reference point on both femurs using the normal and 
early abnormal femoral head maxima from a mixed 
group of children. Shaft references found from 
normal femoral head co-ordinates were compared 
with opposite shaft references fixed from the 
abnormal head co-ordinates. Comparing these two 
means gave a t value of 0-654 (19.95 —2-101) and an 
F value of 1-05 (Fo.95 —2-22) suggesting that in the 
early stages of the disease both abnormal and 
normal femoral head maxima had similar origins 
within the resolution of our gamma camera. There- 
fore in cases presenting possible bilateral Perthes' 
disease, reference shaft values derived from co-ordi- 
nates of either abnormal femoral head rhaxima pro- 
duce uptake ratios of diagnostic value. Figure 7 
shows the print-out from a case of bilateral Perthes’ 
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are identified and erased, so maintaining consistent 
symbol scale references. 

Area of involvement within the calculated activity 
contour, together with the count total within this 
irea, has been retained on the display in spite of its 
limited. quantitative value, as it does indicate the 
extent of femoral neck involvement. 
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The small hip dimensions of children allow both 
femoral heads to lie within the camera view using 
the parallel hole collimator. Data from normal adult 
femoral heads have been collected on separate 
computer core matrices for comparisons. 

Data from rectilinear scanners could probably be 
used in this analysis. Scanners, unlike gamma 
cameras, are not fixed-count dependent or affected by 
edge-of field artefacts, so bladder shielding and 
patient positioning would not be important. However, 
as speed of data collection was important in our 
study, the patients showing the typically high degree 
of fidgeting for this age group, gamma-camera imag- 
ing was chosen. 

Technetium-labelled diphosphonate may give a 
better performance in this analysis, due to its more 
selective uptake behaviour and lower blood back- 
ground (Zimmer et al, 1974). ‘This is being in- 
vestigated. 

With increasing numbers of paediatric femoral 
head bone scans being analysed, larger sample sizes 
for each age group should provide better definition 
of normal ratios, thus further improving diagnostic 
sensitivity. A full clinical assessment of this analysis 
is being prepared. 


CONCLUSION 

Application of quantitative techniques to 
children's femoral head studies using 99T'c™-Sn: 
polyphosphate and a gamma camera/computer 
system, has shown promising diagnostic results. 
Providing the position of the patient is carefully 
chosen and bladder shielding maintained, the 
reliable uptake characteristics of 99 l'em-Sn: poly- 
phosphate allow accurate quantitative measurements. 

Improved diagnostic sensitivity has been obtained 
from the system when compared with purely 
qualitative radiographs, rectilinear photoscans or 
gamma-camera scintiscans. Reliable reference points 
can be selected from the femoral shaft and used to 
measure abnormal uptakes in the femoral heads 
themselves. Bilateral abnormalities which may not 
be evident from qualitative displays alone, can be 
demonstrated with this technique. 

The Fortran computer programme, which has 
been developed for this analysis, is straightforward 
and requires only a line-printer or teletype for dis- 
playing the results. 
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Dynamic Studies wtth Radioisotopes in Medicine 1974. Pro- 
ceedings of a Symposium, Knoxville, July 15-19, 1974. 
Vol. I, pp. 489, illus., Vol. H, pp. 443, illus., 1975 (Vienna, 
international Atomic Energy Agency), £11-50 (Vol. D, 
£10-50 (Vol. H} 

The first LA.E.A. Symposium on this topic was held in 
Retterdafn in 1970, and the proceedings of the second 
symposium suggest that there is every promise of a series of 
future meetings whose importance will at least equal and 
possibly exceed that of the well-established symposia on 
medical radioisotope scintigraphy. 

‘These volumes contain the full text of the 67 papers which 
were presented as well as reports of the discussions. They are 
classified under the headings: instrumentation and tech- 
igues, hepatic, gastrointestinal, renal and thyroid function 
studies; and rniscellaneous dynamic studies (Vol. I). Re- 
gional blood Bow, cardiac and pulmonary function studies 
are covered in Vol. IL 

Most of the studies reported are based on the use of 
Anger cameras with digital data acquisition and processing 
svstems which permit serial count-rate measurements in 
selected "regions of interest". It is evidently becoming an 
article of faith that the availability of such a system is an 
essential prerequisite for the study of dynamic processes in 
living systems. This probably accounts for the emphasis on 
those processes which occur in seconds or minutes. There 
are, however, a few papers based on in-vitro sample meas- 
urements on topics such as red-cell survival, protein syn- 
thesis and carbohydrate metabolism, which serve as re- 
minders that there are longer term dynamic processes 
which may be of equal importance. 

The participants were nominated by the national authori- 
ties of some 30 countries, which means that scientific 
merit was not the sole criterion governing the selection of 
papers, Apart from the six invited review papers, the 
quality ranges from the interesting and useful to the 
mediocre, though the former group predominate. Neverthe- 
less, like the other I.A.E.A. symposium proceedings, this 
conference report is extremely valuable for those who re- 
quire a synoptic view of what is actually being done in this 
particular feld on a world wide basis, even though the choice 
of venue on this occasion meant that only 40 per cent of the 
"Ys abus represented the 29 countries other than the 
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As always, the scientific secretariat of the Agency have 
made an excellent job of producing the report and editing 
the conference discussions which represent such an im- 
portant part of the proceedings. It need hardly be said that 
these volumes are essential for the library of any department 
dealing with medical radioisotope applications generally 
and clinical physiology in particular. 

VEALL. 


Radionuclide Studies of the Spleen. By R. P. Spencer and 
H. A. Pearson, pp. 221, 1975 (Ohio, C.R.C. Press), $34.95, 

In the preface to this monograph the autbors declare that 
it is meant to reflect the role of the spleen in the various 
disorders discussed, without any attempt at a complete con- 
sideration of other aspects of the diseases. 

Most common non-infectious conditions in which the 
spleen may be involved are mentioned, although in many 
cases the descriptions would be barely adequate for a 
medical student reading for finals, and of no interest to any 
post-graduate. A good deal of space is spent discussing 
measurement of size and volume, but the situation in which 
such measurements are of clinical relevance are not des- 
cribed. On the other hand the measurement of red cell or 
plasma sequestration receive only a passing reference, des- 
pite their being of considerable importance in the manage- 
ment of polycythaemia. 

Every chapter is followed by a bibliography which is in 
most cases a fairly adequate review of the older hterature, 
but less sure on more recent papers, especially those pub- 
lished outside the U.S.A. 

The style adopted by the authors is not one commonly 
found in serious scientific writing, being sesquipedalian, 
interspersed with solecisms such as “The reason for the 
occurrence of splenic infarcts is likely related to the peculiar- 
ities of the circulation with the organ' [sic]. 

There is no group to whom this volume can be recom- 
mended. The review copy is in the library of The British 
Institute of Radiology. This should saturate the market in 
the United Kingdom. 

M. V. MERRICK. 
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A graphic display system for use with a computer-assisted 


tomographic scanner 


By J. Griver, M.Sc., and J. Ambrose, F.R.C.R. 
Atkinson Morley’s Hospital, London, S.W.20 


B. J. Perry, B.Sc., Ph.D., F.Inst.P. 
St. George's Hospital, London, S.W.1 


(Received April, 1975 and in revised form September, 1975) 


À computer-assisted transverse axial tomographic 
scanner, made by EMI Ltd., Hayes, Middlesex, 
has been described by Hounsfield (1973) and 
clinically evaluated by Ambrose (1973) and Paxton 
and Ambrose (1974). 

A system which uses the flexibility of a general- 
purpose digital computer to carry out any data 
manipulation found to be desirable is under de- 
velopment at Atkinson Morley's Hospital for the 
on-line or off-line display of pictures produced by 
this scanner. Work which would otherwise cause 
interruption of the scanning schedule can be trans- 
ferred to the system. 

The computer used is an Arcturus A18D (Arc- 
turus Electronics Ltd., Feltham, Middlesex) which 
has been interfaced by the company to a 35 cm 
high-speed monochrome graphic display unit. The 
contents of a 6,400 word block of core are displayed 
as a matrix of 160 x 160 4-bit elements thus allowing 
16 grey-scale levels for each element. Additionally, 
the interface can generate a 16 bar test-card, and also 
has the facility to set to Level 16 (maximum bright- 
ness) or Level 1 (minimum brightness) any parti- 
cular grey-scale level. The picture is refreshed at a 
rate of 58 Hz, which causes some reduction of the 
computer processing speed. Pictures produced by 
the scanner are stored on industry compatible mag- 
netic tape, and are read into the graphic display 
system from this medium. 


PRESENT FACILITIES 
Two facilities have so far been implemented us- 
ing this system: 

(1) A straightforward scan display direct from 
magnetic tape, using the ‘window level" and 
"window width" parameters (Hounsfield, 1973). 

(2) An area analysis option which calculates the 
area, mean attenuation value, and standard 
deviation of attenuation value within a specified 
region of a scan. A bright or dark spot can be 


moved up, down, left or right on the screen by 
typing U, D, L or R at a keyboard. The spot is 
moved in such a way as to trace out the required 
region. 

The figures, which are Polaroid camera pictures 
from the graphic display unit, illustrate the use of 
the unit and the present facilities. 

Figure 14 shows a scan of a normal ventricular 
system. In Fig. 1B one grey-scale level has been set 
to minimum brightness so that certain fegtures are 
emphasized. No information is added to the picture 
by this manoeuvre, but the attention of the observer 
is drawn to areas of similar attenuation value which 
may be missed at first glance. Figure 2a shows a 
glioma which has been enhanced by a contrast 
medium (sodium iothalamate) while Fig. 2n is the 
same scan without enhancement. Setting a grey- 
scale level to minimum brightness in the unenhanced 
scan has highlighted an area of abnormality in the 
region of the tumour. Figure 3 shows a right frontal 
meningioma, the outline of which has been traced 
in order to calculate the area of the tumour. 


FUTURE EXTENSIONS TO THE SYSTEM 
It is intended that the system will become an 
integral part of the methods used to display images 
from the EMI-Scanner at Atkinson Morley's Hos- 
pital. To this end it is proposed to have a direct 
link between the scanner and the graphic display 
system (possibly using the method described by 

Shields et aL, 1974). In this way pictures can be 

transferred directly to the graphic display system's 

discs, rather than via magnetic tape. 
The following options will be added to the soft- 
ware available: 

(1) Scan subtraction, e.g. scans taken with and 
without a contrast medium, or scans taken at 
different X-ray tube voltages. . ' 

(2) The production of vertical sections by taking data 
from a series of scans for one particular patient, 
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Right frontal meningioma: outlined. 
Area — 1,807 mm“ 
Mean attenuation value — 40-9, 
Standard deviation of attenuation value = 4:2. 


(3) A three-dimensional representation produced 

by taking data from a series of scans and re- 
“radiograph”. The resultant 
picture can be viewed from certain directions 
with or without the effect of the skull included. 


constructing a 


It is not to be expected that these displays will 
be needed for every scan, but it is likely that all 
will have a place in particular situations, and mas 
show up certain factors in a clearer way than the 
conventional display. 
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Analysis of regions of interest in EMI scans 
By M. Bergström, B.Sc., and R. Sundman, Engineer 


Department of Neuroradiology, Karolinska Sjukhuset, S-104 01 Stockholm, Sweden 


(Received December 1975) 


Many authors have indicated the use of contrast 
material to enhance the diagnostic effectiveness of 
examinations by 
of using the temporal sequence of the contrast ac- 
cumulation as a further aid in differential diagnosis 
has been discussed by Hatam eż al. (1975). 

EMI supplies a diagnostic programme* in which 
the mean value is calculated for a rectangular region 
or a region of arbitrary outline but in which each 
row of figures must be programmed. Since most 
lesions are approximately elliptical and the region 


EMI-scanner. ‘The possibilities 


must be reintroduced for each picture of a series, 
use of this programme is difficult and time-con- 
suming. 


In order to be able to calculate the temporal 
changes with greater facility a programme has been 
designed which calculates the mean attenuation 
coefhcient and the standard deviation of a given 
region. l'heregion may be elliptical or rectangular and 
the orientation varied as required. The programme 
may be used for all picturesofaseries, even with several 
overlapping regions assigned in each picturc. 

The use of the programme has shown frequent 
slight changes of position of the patient's head in 
all planes, thus adequate fixation of the head is a 


necessary prerequisite for a refined regiqnal analysis. 
sll 


*Operating instruction for diagnostics, 


EMI Instructions. 


magnetic tape 
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Scans of the same section of a patient with a right-sided meningioma taken before and 5, 20, 35 and 49 minutes 
ifter a bolus injection of contrast material. The graph shows the temporal changes of mean EMI-number in the outlined 
regions 


However, correction of movements in the plane of the The programme is written in FORTRAN and 
tomograph has been achieved by assessing changes runs on the Nova 820 with the EMI-scanner using 
in the position of the skull, and automatically moving a RDOS system. 

the region of interest to i onform with these changes. 

\ttempts to correct for transpositioning of the 


centre of gravity met with difficulty because it was ACKNOWLEDGMENTS 
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too sensitive to movements out ol plane. . : 
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l'he programme is employed by transferring the 
sections in question from storage tape to a disc con- 
taining the programme. Following calculation of the REFERENCE 
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The treatment of ophthalmic tumours with low-energy sources 
By R. Sealy, M.Med.(Rad.T.), F.R.C.R., P. L. M. le Roux, Ph.D., F.Inst.P., F. Rapley, M.Sc., 


E. Hering, Ph.D., D. Shackleton, D.Sc., and D. Sevel, Ph.D., F.C.S., D.O. 


Departments of Radiotherapy, Medical Physics and Ophthalmology, Groote Schuur Hospital and 


University of Cape Town 
( Received October 1974 and in revised form September 1975). 


One of the features which detract from the advant- 
ages of insertion or implantation of radioactive 
sources in the treatment of tumours is the difficulty 
in screening sensitive structures within the treatment 
volume. 

In addition, where very large doses are adminis- 
tered with electro-magnetic radiation, for instance in 
the treatment of intra-ocular tumours with radio- 
active plaques, the doses administered to surround- 
ing structures may be considerable. It seems that 
these difficulties might be largely overcome by the 
use of low-energy isotope sources and suitable 
integral shielding. 

For example, the use of !?5] seeds has been con- 
sidered, which were first described by Henschke and 
Lawrence (1965). The isotope emits 27 to 35 keV 
X rays which permit highly effective screening by 
thin lead foil (0-25 mm of lead reduces primary 
radiation from !?5] by 99-9 per cent, and absorbs 
scattered radiation and secondary electrons almost 
entirely). Suitable seeds for this purpose, consisting 
of radioactive sodium iodide absorbed onto ceramic 
beads, may be obtained from the Lawrence Soft Ray 
Corporation, California. Each titanium-encapsulated 
seed contains two such beads separated by a radio- 
opaque gold marker. The seeds are 4:5 mm long and 
0-75 mm in diameter. Seeds of 4 mCi activity are 
now available, which are suitable for the building of 
applicators and, after a reasonable period of decay, 
for implantation. Their repeated use makes treat- 
ment with this isotope relatively cheap. 

The high linear attenuation coefficient of about 
0-035 cm-! in tissue and easy screening makes the 
handling and nursing of patients with these sources 
in situ remarkably simple. 

The principle of integral shielding can be applied 
to three distinct treatment situations in the eye. 
Firstly, the eyelids alone; secondly, the evelids and 
the conjunctiva; and thirdly, treatment of the global 
contents. Three cases are described, illustrating the 
principle in each of the three situations. 


Case REPORTS 
Case 1 
A Caucasian female aged 75 years presented complaining 
of a swelling of the outer portion of the upper eyelid for 12 


* 


months. This was painless, progressive, and measured about 
8 mm in diameter. 

A biopsy showed a mucin-secreting adenocarcinoma to be 
present, and it was considered that this tumour arose from 
meibomiam glands. The patient was admitted to hospital 
and it was elected to treat her by means of !?5] seed implants. 

Protection of the cornea and lens was achieved by suturing 
a protective T'eflon-coated brass shield, 0-3 mm in thickness, 
over the anterior aspect of the globe (now replaced by stain- 
less steel). ‘The shield was 22 mm in diameter and consisted 
of two parts (Fig. 1): the outer ring which rested on the 
globar conjuctiva and a window which was 12 mm in dia- 
meter. The window is occluded by a domed plate which 
clears the cornea by 1 mm. Perforations are present in the 
brass ring to allow for suturing to the sclera and for the pas- 
sage of tears. Similar perforations allow the passage of tears 
through the domed plate and also allow it to be seized with 
forceps for removal and inspection of the cornea. If neces- 
sary, this can be done daily. 

After the insertion of the ring and domed plate, the 
implant can be performed. Polythene tubing 1°5 mm *in 
external diameter, is loaded with !?5] seeds, threaded upon a 
large needle, and sutured into the base of the upper and 
lower lids in a crescentic fashion. The suturing is made easier 
by a needle with screw end, rather than an eye, the screw 
being inserted into the polythene tubing. In this case, six 
seeds of 0:63 mCi activity each were used in the upper and 
lower tubing respectively. In addition, five seeds were insert- 
ed into tubing which was sutured to the free margin of the 
upper lid and two tubes, each containing two seeds, were 
inserted into the tumour itself. The tubing emerged at each 
end and was passed through a Perspex washer, 3 mm in 
diameter, and kept in place by a 3 mm diameter lead washer 
which was crimped with a pair of pliers. A radiograph of the 
implant is shown (Fig. 2). 

The computed dose through the centre of the base of the 
tumour was 5,000 rad in 264 hours. 
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Fic. 1. 
Protective shield for the cornea and lens as used in Case 1. 
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Radiograph of the implant in Case 1. 


Brass ring with sx sources along the line of the limbus as 
ised in Case 2. Brass is represented by the hatched area in 
the cross-section shown below the plan view. The plastic con- 

inctival shield is not shown. 
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Computed dose distribution along the line AB in Fig. 3. 


Case 2 


The patient, a 69-vear-old Caucasian female, had had a 
story of black spots on the bulbar and palpebral conjunctiva 
for 20 vears. On four previous occasions, black tumours had 
been excised from the eve, at least three of which were 
malignant melanomata. 

When first seen in the Ocular Tumour Clinic, there were 
pigmented masses on the globar conjunctiva medially and 
laterally, the latter extending onto the lower lid. ‘The outer 
canthus was shortened by previous surgery. Biopsy of the 
masses again confirmed the presence of a malignant mela- 
noma. A diagnosis of melanosis of the tarsal and bulbar 
coniunctiva with diffuse malignant change was made 

The bases of the upper and lower eyelids were implanted 
with the same technique as used in Case 1. ‘The irradiation 
of the conjunctival sac was effected by the insertion of a 
plastic applicator which contained a brass ring (Fig. 3). Six 
sources of 0:65 mCi activity each were mounted on the outer 
aspect of the ring. The ring followed the line of the limbus 
and screened the lens from the sources placed on its outer 
aspect. The patient was able to wear this applicator for a 
week with no undue discomfort and no complications, A 
computed dose distribution is shown across the line AB in 
the plane of the implant passing through the centre of the 
brass ring, parallel to the long axis of the eye (Fig. 4). Any 
possible effect of secondary electrons from the ring was 


ignored because the ring was embedded 


into 
applicator 


a plastic 

'The irregular dose-rate shown is due to the discontinuous 
and asymmetrical distribution of the sources in the implant 
relative to the measured diameter. An average computed 
dose of 1,750 rad was delivered in 166 hours. ‘This average 


value was calculated along a line 5 cm long passing 
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through the centre of the ring with extreme values of 950 and 
2,700 rad at the ends, ignoring the low dose-rates inside the 
ring. (A radiograph of the completed configuration is shown 
in Fig. 5.) There was total regression of the malignant 
melanoma six months after treatment, and no evidence of 
damage to the cornea or the lens of the eve 


Case 3 

A 66-vear-old Caucasian male presented to the Ocular 
‘Tumour Clinic complaining of a shadow which he had seen 
superolaterally in the right visual field for some months. 
This appeared to be enlarging. 

‘Examination of the fundus showed a large black mass 
immediately behind the iris and indenting the lens. It 
extended from about 2 o'clock to 6 o'clock and extended in a 
posterior direction for approximately 8 mm. A diagnosis of 
malignant melanoma of the choroid was made. Systemic 
examination and investigation showed no evidence of spread 
of the disease. The patient refused enucleation and it was 
therefore decided to treat the lesion by means of a directional 
low-energy applicator. 

‘The applicator was semi-circular in outline and made to 
extend halfway around the limbus. It extended posteriorly 
from the limbus for 14 mm. Fourteen !??] seeds of 0-56 mCi 
activity were used. The applicator was covered bv a lead foil, 
0*5 mm thickness, which extended over the sources placed 
along the limbus and extended vertically down to the limbus. 
This conferred a directional effect on the applicator and 
screened the lens of the eve and cornea. (Any possible effect 
from secondary electrons from the lead was ignored since 
their energies would be low and absorbed in the plastic 
retaining the seeds in the applicator.) The doses at various 
points are shown in Fig. 6. It will be seen that the screened 
edge offered significant protection of the lens. 

At operation, the conjunctiva was incised around the 
limbus, the medial and inferior rectus muscles were freed 
from the globe and the applicator sutured in place. The 
muscles were re-sutured temporarilv to the applicator and 
the globar conjunctiva, as far as possible, was closed. The 
applicator remained im situ for eight days and delivered a 
dose of 3,600 rad to the apex of the lesion, It was then 
removed, the muscles re-attached and the conjunctiva 
re-sutured. 

Six weeks after the removal of the applicator, examination 
showed the patient to be in excellent condition, with no 
complaints. There had been dramatic regression of the 
tumour (which was apparently continuing) and all that could 
be observed through the dilated pupil was a small residual 
knuckle of dark tumour at 4 o'clock. 
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Radiograph of the completed configuration (Case 
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Screened applicators may also be used in treating 
other lesions in other sites within the globe of the 
eve. It is possible to introduce suitable screening to 
protect the optic nerve, should this be adjacent to the 
tumour and thus avoid the danger of optic neuritis, 
which may be seen following the use of penetrating 
gamma rays. The bones of the orbit may also be 
protected. 

Measured à 
solid-state detector, indicated that the relative depth 


dose distributions, using small 
doses obtained with 125] compared well with those 
obtained using !5?Ta and ®°Co sources, and that 
very effective edge screening was obtained using the 


thin brass ring in:conjunction with !?5] sources. 


DISCUSSION 


The use of !?9] or other similar low-energy-pro- 
ducing isotopes with integral shielding of implants 
and applicators appears to be a new departure in the 
treatment of ophthalmic tumours. A highly attractive 
flexible svstem is provided, whilst at the same time 
total shielding of the sensitive structures in the globe 
This would to 
confer a distinct advantage upon the implantation 


and elsewhere is allowed. appear 
techniques previously reported by Lederman (1956) 
for melanosis occuli, and the ®°Co applicators 
reported by Stallard (1955) for the treatment of 
retinoblastoma and malignant of the 
choroid. ‘The small seeds used lend themselves to 
both implantation in polythene tubing and to the 
construction of suitable applicators, 


melanoma 


The good regression seen in Cases 2 and 3 of 
malignant melanoma, with relatively small doses, 
might suggest that the RBE is greater than |. More 
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Sectional view of eve, tumour and directional applicator in 

Case 3. Dose-rate at points A, B and C are shown in the 
table. 
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information in this area is being acquired at the 
present time. 

The low absorbed dose used in Case 2 was dictated 
by the activity of the sources available and the origin- 
al intention was to repeat the application. This 
however, has not proved necessary. 
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Book reviews 


Atlas of the Battered Child Syndrome. By J. M. Cameron 
and L. J. Rav, pp. ix 4-90, illus. in colour, 1975, £8-50. 

Thus book achieves its stated aim to help in distinguishing 
accidental injury from the injuries found in the battered 
child on clinical and X-ray examination. 

While the early part of the book does not give great 
prominenge to the important role played by radiologists, 
nofably John Caffey, in the description and identification 
of this condition, this is more than compensated by the 
excellent section on radiographic findings and differential 
diagnosis, which accounts for just over half the total sub- 
ject-«matter in the book. The fact that skull injuries on their 
own are usually not enough to confirm a suspicion of bat- 
tering is noted, and also the appearances of some of the 
accessory sutures which may be confused with vault frac- 
tures are described. Due prominence is given to the type of 
metaphyseal injury seen im the long bones and characteris- 
tic of the battered child. These lesions are well described 
and the illustrations are of good quality. The difficulty 
which may be experienced in identifying rib fractures in 
radiographs of young infants is exemplified by the fact that 
many of the radiographs are of post-mortem specimens 
without the overlying jung and mediastinal shadows. 

When the radiologist is confronted with the possibility of 
a battered baby, the questions which commonly arise relate 
to the possibility of the bones being intrinsically weak, due 
to some underlying condition such as osteogenesis imper- 
fecta, the need to know approximately how long before the 
examination the injury is likely to have been sustained and 
whether several injuries could all have been sustained on the 
same occasion. Dr. Ray points out that the actual age of a 
fracture may be difficult to determine without considerable 
personal experience, but gives a helpful timetable. There is 
aliso a very useful section on the differential diagnosis 
between conditions such as osteogenesis imperfecta, 
scurvy and the fractures found in children with paralysed 
imbs, 

‘This book should be read by all trainee radiologists who 
may one day be called on to report radiographs of children 
from accident and emergency departments, and will also 
prove of interest to many more experienced radiologists, 
particularly when they are confronted with the need to give 
evidence in a case of suspected battering. 

R. K. Levicr. 


* 
P 


Un 


E. A. J. Buret and Mr. H. Cleminshaw of the Radiotherapy 
Mould Room, without whose participation this work would 
not have been possible. 


REFERENCES 

Henscuke, U. K., and Lawrence, D. C., 1965. Cesium-131 
seeds for permanent implants. Radiology 85, 1117-1119. 

LEDERMAN, M., and SiNCLaIR, W. K., 1956. Radioactive 
isotopes for beta and gamma ray applicators in Therapeutic 
use of artificial radioisotopes. Edited by P. F. Hahn, 
pp. 344—364 (J. Wiley, New York). 

STALLARD, H. B., 1955. Multiple islands of retinoblastoma. 
Incidence rate and time span of appearance. British 
Journal of Ophthalmology, 39, 241—243. 


——  —— n —— 


Diagnostic Ultrasound. By M. Hussey, pp. 254, 1975 
(London, Blackie), £10-50. 

This book, which has been written for clinical specialists 
and recently-graduated scientists, represents an attempt to 
collect and synthesize the vast literature on the interaction of 
ultrasound with biological tissue and its components. 
After a brief introductory chapter the author provides two 
basic chapters: the first is on the physical principles of 
ultrasound and the second is a 24-page summary of the 
physical structure of matter, thermodynamics, chemical 
dynamics, cell structure and function and tissue types. 
The range of physics presented is greater than is usually 
found in texts on medical ultrasonics, but its relevance to 
the question under discussion is not always clearly shown. 

The heart of the book lies in the four chapters describing 
the literature on the interaction of ultrasound with: water 
and aqueous solutions of small molecules, biological macro- 
molecules in solution, cells and subcellular particles, and 
tissues and organs respectively. The quality of the text 
ranges from a succession of abstracts to perspective syn- 
thesis. As a whole it lacks both formative criticism and 
crystalline summaries. The reader should also note that the 
data of Goldman and Hueter (1957) in chapter 7 appears to 
be represented inaccurately, some paragraphs being spent 
in discussing the scientific reasons behind the difference 
of this and later work. 

The penultimate chapter on dosimetry suffers from three 
fundamental shortcomings. Firstly (following the discussion 
in Chapter 2), attenuation and absorption are assumed 
to be the same; secondly, the discussion would have been 
greatly clarified by the use of the word "exposure", and 
thirdly, little comment is made upon the present achieve- 
ments and limitations of methods of measurement of expos- 
ure and dose. This last is surprising in view of the fact 
that these concepts must underpin the whole volume. The 
book is concluded with a summary chapter on safety aspects 
of diagnostic ultrasound. 

One aspect of synthesis is that its achievement emphasizes 
the areas of uncertainty. To this extent the aim has not been 
achieved— perhaps because of the very broad base of the 
book and the state of present knowledge. In spite of its 
shortcomings the volume will probably be a convenient, if 
not always reliable, source of reference. 

R. C. CHIVERS. 


1976, British Journal of Radiology, 49, 585-556 


Case report 


Primary costal echinococcosis with spine involvement 


By A. Monajati, M. Zarrabi, and M. Shaffi, M.Phil., F.R. A.C.S. 


JuNE 1976 


Department of Radiology and Neurosurgical Section, Medical School, Pahlavi University, Shiraz, Iran 


( Received, July 1975 and in revised form February 1976) 


Reported primary hydatid disease of the rib is 
extremely rare and only 38 cases have been reported 
in the literature (Bonakdarpour et al., 1973). When 
it presents with cord compression signs, it becomes 
a diagnostic dilemma. 


Case history 

A 32-vear-old female from a rural region presented with 
progressive paraplegia of a month's duration. There was 
some muscle atrophy, decreased tone and power, and normal 
reflexes of the lower limbs. Radiological examination showed 
an extrapleural soft-tissue mass in the left upper posterior 
hemithorax associated with rib destruction, cystic changes in 
the remaining posterior segment of the rib, erosion of the 
lateral aspect of the corresponding vertebral body (Fig. 1), 
and extradural block (Fig. 2). Operative and pathological 
findings revealed hydatid disease of the 4th rib with an 
abscess in the paravertebral extrapleural space and erosion 
of the body and pedicle of T4. Extension into the spinal canal 
produced extradural cord compression. Following surgical 
intervention, the patient recovered. 


DISCUSSION 
The reported incidence of osseous hydatid disease 
varies between 1 per cent (Alldred and Nisbet, 1964) 
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and 2 per cent (Barnett, 1945). Rib involvement in 
osseous hydatid disease is extremely rare, and has 
been recorded in five of 243 cysts in Bauers' table 
(Hosemann et al, 1923) and in four of 852 cysts 
(Felkl and Baerwolff, 1958). Most cases are reported 
as spinal lesions because patients usually do not 
seek medical advice until neurologic symptoms 
develop (L'Agrot et al., 1969; Murray and Haddad, 
1959). The cyst is usually located in the posterior 
portion of the rib and presents radiologically as a 
multiloculated osteolytic lesion in the rib, sometimes 
with a sclerotic margin. The lesion slowly grows to 
involve vertebrae or adjacent soft tissues. If the 
lesion breaks through the cortical portion of the rib, 
it will produce an extrapleural soft tissue mass or 
abscess. In the more advanced stages, the lesion not 
only involves the vertebra, but may also extend into 
the spinal canal and cause cord compression as in 
our case. 


Book reviews 


Cell Survival after Low Doses of Radiation: Theoretical and 
Clinical Implications. Edited by Tikvah Alper (Proceedings 
of the L. H. Gray Conference, September 1974), pp. 397, 
1975 (John Wiley & Sons Ltd.), £13.50. 

Here is a book that will become necessary reading for 
advanced students of radiohiology. It is a full record of the 
6th L. H. Grav Conference with the contributed papers, 
skilfully edited discussion and a useful summary. The editor 
and her collaborators are to be congratulated for producing 
this volume so quickly after the Conference while the ideas 
are still warm. 

The Conference was set a series of questions concerning 
the theory, measurement and relevance to radiotherapy of 
survival curve shoulders and most of the papers are relevant 
to this theme. The early sections are largely about in vitro 
studies and there are a number of critically. constructive 
papers on the design and statistical analysis of experiments 
aimed to investigate the low-dose survival region. For 
those so inclined a number of survival curve theories are 
presented but the experimental points can be fitted to most 
of them so that one’s choice of theory must depend on faith. 
The continuing rearguard skirmishes about recovery effcts 
at very low oxvgen levels are chronicled but their relevance 
must remain doubtful until we have a more precise picture 
of oxygen levels zn vivo during a course of irradiations. 

Later sections of the book describe the ingenious methods 
that have been devised for normal and tumour tissues to 
measure the ratio of initial to final slopes of survival curves 
fer cells irradiated in view, The merits of the various ap- 
proaches are compared and although the fractionation models 
are coming closer to radiotherapy practice the measurements 
of shoulder parameters still lack the precision to be of pre- 
dictive value. 

— This book will set the fashion for cellular in vitro and 
in vivo radiohiology for some time to come. Indeed, the 
parallel with fashion is close since it is evident that following 
the example set fiere shoulders will be exposed and worn 
ruch lower than before. 

N. F. KEMBER. 
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Computer Processing of Dynamic Images. pp. iv 211, 1974 
(Medical and Technical Publishing Co. Ltd.), £7-00. 

This book contains the proceedings of a workshop on the 
use of gamma-camera computer systems in dynamic radio- 
active tracer studies. The workshop was held in 1971 in 5t. 
Louis, Missouri, and the proceedings were published in 
1974. 

The book starts with a number of chapters devoted to 
aspects of camera function and performance, the computer, 
and its interface to the camera and software. The subject 
matter is dealt with adequately but is limited by the state of 
development of cameras and computers available prior to 
1971; more recent developments are not included. 'The basic 
principles do, however, still apply and are in general clearly 
explained by the authors of the chapters covering this sub- 
ject matter. ''he book goes on to deal with mathematical 
models for interpreting dynamic tracer data and in this 
section. covers the physical principles of tracer kinetics 
together with mathematical and statistical methods for 
analysing data. This part of the book is written by well- 
known authors and is worth reading by both students and 
workers in the field who have some mathematical ability. 
The last section of the book is concerned with the clinical 
implications of dynamic imaging technology and consists of 
a series of summaries of panel discussions which dealt with 
the brain, lung and kidney. It is unfortunate that the heart 
was not included. This last part of the book will probably 
be of interest to those who attended the workshop but is too 
disjointed and out of date to be of much help to people who 
are working in the field at this time. 

In summary, therefore, the book is worth reading by those 
who wish to gain a grasp of the basic physics, engineering 
and mathematical principles of computer processing of dy- 
namic images but would be of little value to those with a 
purely medical interest in the applications of the tech- 


nology. 
B. R. PULLAN. 
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Xeroradiography: some new applications* 


Abstracts of papers read at a meeting held in the Reid-Knox Hall, Institute House, 


32 Welbeck Street, London W1M 7PG, on Thursday, October 16, 1975 


Xeroradiography in dentistry, by W. H. Binnie, R. A. Cawson, A. J. Stacey and R. Davis 


Clinical applications of xeroradiography, by I. H. Gravelle 


XERORADIOGRAPHY IN DENTISTRY 
By W. H. Binnie and R. A. Cawson 


Department of Oral Medicine and Pathology 
Guy's Hospital, London SEI 9RT 


A. J. Stacey 


Department of Medical Physics 
Charing Cross Hospital, London W6 9HH 


R. Davis 


Division of Physics 
Institute of Cancer Research, London SW3 677 


The first xeroradiograph of dental application was reported 
by Hills e? al. in 1955. This was a lateral oblique jaw projec- 
tion but the exposure needed was unacceptably high. James 
et al. (1973), however, showed that by increasing the kilo- 
voltage to 120 the exposure could be reduced by 60 per cent. 
Using this higher kV we have produced lateral oblique 
jaw and lateral skull xeroradiographs with a lower incident 
skin exposure than conventional radiographs (Binnie et al., 
1975). Bony and dental structures are much more sharply 
defined on xeroradiographs, and soft tissues are visible on the 
same picture without use of a grid or wedge filter. These 
features are of great advantage in cephalometrics and 
cosmetic maxillo-facial surgery. 

Panoramic xeroradiographs are potentially the most useful 
application. of the xeroradiographic principle to dentistry. 
The combination of full jaw coverage with the sharp defini- 
tion only possible at present from intra-oral radiographs 
would be of benefit to the dentist, save time for the radi- 
ographer and reduce the dose to the patient. Excellent results 
have been obtained with post-mortem specimens at 90 kV 
but optimal exposure for a normal adult requires a pano- 
ramic X-ray machine giving about 120 kV. 
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*Reprints available from the Editorial Office, 32 Welbeck 
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CLINICAL APPLICATIONS OF XERORADIOGRAPHY 
By I. H. Gravelle 
University Hospital of Wales, Cardiff 


Xeroradiographic images have a relatively low laroad con- 
trast but a high local contrast at the edges of tissues" of 
different densities. The margins of lesions and normal 
tissues are accentuated. Densities are more easily penetrated 
and there is a wide recording latitude, 

The technique is at its best when used in soft-tissue 
radiography where the boundaries between the various 
tissues are highlighted, This applies to soft-tissue examina- 
tions of all kinds but in particular to breast radiography and 
especially in the examination of dense dysplastic breasts. 
Microcalcifications in such cases are accentuated. 

An ability to penetrate dense areas 1s of value in medias- 
tinal tumours, pleural effusions and lung tumours. The wide 
recording latitude is useful in radiography of the neck, 
mediastinal and pulmonary tomography and also in the 
demonstration of the alignment of fractures in plaster casts. 

Tomography of the larynx, sinuses and joints is possible 
and a wide variety of contrast examinations may be carried 
out using less concentrated opaque media. 

Radiation dosage is less in xeromammography than in 
film mammography and the dosage in xeroradiography of 
the extremities is comparable with that obtained with non- 
screen, film techniques. However, when a film-screen com- 
bination is employed, then the dosage is always less for this 
combination than for the equivalent xeroragraphic examina- 
tion. 
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Abstracts of papers read at the Radiobiology Work-in-Progress meeting held on Friday, January 16, 1976 in 
the Reid-Knox Hall, Institute House, 32 Welbeck Street, London W1M 7PG* 


‘The effects of varied numbers of dose fractions and overall treatment time on the radiation response of normal human skin, 
,by C. M. A. Young, D, Brennan, K. Durrant, J. W. Hopewell and G. Wiernik. 
An in vitro colony assay for human tumours: radiation survival in a pancreatic tumour xenograft, by V. Doreen Courtenav 


and Judith Mills. 


Studies on the radiosensitivity of human bone marrow and human tumour xenografts using an agar diffusion chamber 
technique for assaying clonogenic cells, by 1. E. Smith and Myrtle Gordon. 

The response of tumours to X rays and Ro-07-0582, by R. H. Thomhnson, 5. Dische, A. Gray and Lesley Errington. 

The effect of irradiation on normal human rectum, by D. J. D. Perrins. 

The effects of radiation on the skin blood pulse, by G. D. Zanelli. 

Some measurements with skin and lymphocytes, by A. H. W. Nias. 

A patient with ataxia-telangiectasia showing abnormal radiosensitivity to normal doses of irradiation, by Jillian R. Mann. 

Ataxia telangiectasia, radiosensitivity at the cellular and molecular level, by C. F. Arlett, A. R. Lehmann, P. H. M, Lohman 


and M. C. Paterson. 


‘The radiosensitivity at the chromosomal level of lymphocvtes from patients with ataxia telangiectasis, by A. M. R. Taylor, 


1. A. Metcalfe, T. M. Oxford and D, G. Harnden. 


THE EFFECTS OF VARIED NUMBERS OF DOSE FRACTIONS 
AND OVERALL TREATMENT TIME ON THE RADIATION 
RESPONSE OF NORMAL HUMAN SKIN 


By C. M. A. Young, D. Brennan, K. Durrant, 
]. W. Hopewell and G. Wiernik 


Research Institute, Churchill Hospital, Headington, Oxford 


The early and late radiation response of small areas of 
normal human skin, included in the treatment of basal cell 
carcinomata, have been evaluated for treatment given over 
agange Of dose fractions (3, 7, and 10 fractions) with the 
overall treatment time constant (14 days). A further study 
in which time has been varied (4, 10 and 28 days) for a 
fixed number of fractions (5 fractions) is in progress. 

For areas treated over a constant time period (14 days) 
the pattern of increasing and declining early skin reaction 
and the proportion of treated fields reaching skin tolerance 
were similar for the three fractionation groups. The same 
was true of the late tissue damage. 

Of particular interest was the observation that the final 
cosmetic result and tumour cure was not significantly 
improved by treatment given as 10 fractions over that ob- 
tained with three fractions, both given in 14 days. 


AN "IN VITRO” COLONY ASSAY FOR HUMAN TUMOURS: 


RADIATION SURVIVAL IN A PANCREATIC TUMOUR 
XENOGRAFT 
By V. Doreen Courtenay and Judith Mills 


Institute of Cancer Research, Belmont, Sutton, Surrey 


A new in vitro colony technique is described which has been 
used to measure cell survival in human tumours grown 
as xenografts in the immune suppressed CBA mouse. The 
essential features of the culture technique are the use of a 
reduced oxygen concentration in the gas phase and the 
addition of washed rat red blood cells to a single-cell 
suspension of the tumour cells in Ham's F12 medium with 
15 per cent calf serum. These are set up in soft agar in 
polystyrene test-tubes gasaed with 5 per cent oxygen, 90 per 
cent nitrogen and 5 per cent carbon dioxide before sealing. 
Provision is made for changing the medium to replace nu- 
trients and remove toxic products. 

Dose-response curves are presented for a pancreatic 
tumour expoged to y radiation from a Co$9 source. For 
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tumours, irradiated zm situ, in air-breathing or nitrogen- 
pay xiated mice, and removed tor assay immediately after 


From the displacement of ihe curve, a an hs poxic inicbon of 
0-25 was calculated for the tumours in air-breathing mice. 

For tumours left zn situ for 18 hours in air-breathing 
animals the De value was unchanged but survival was 
higher by a factor of 2-4. This could be due to the repair of 
potentially lethal damage by cells in the tumour, but not 
in single-cell suspension. 

The survival of fully oxygenated cells was measured 
in a suspension irradiated im vitro and the value Dy =90 
rad was obtained giving an oxygen enhancement ratio of 
ds 


STUDIES ON THE RADIOSENSITIVITY OF HUMAN BONE 
MARROW AND HUMAN TUMOUR XENOGRAFTS USING 
AN AGAR DIFFUSION CHAMBER TECHNIQUE FOR 
ASSAYING CLONOGENIC CELLS 


By I. E. Smith and Myrtle Gordon 


The Department of Biophysics, Institute of Cancer. Research 
Sutton, Surrey 


A technique using agar diffusion chambers has been 
developed for growing colonies from human bone-marrow 
cells (Gordon et al., 1975) and, more recently, from cell 
suspensions of human tumours propagated in immune- 
suppressed mice (xenografts). Modified diffusion chambers 
(Gordon, 1974), loaded with cells in agar-medium, are 
incubated in the peritoneal cavity of pre-irradiated mice and 
provide standard culture conditions for the study of colony- 
forming cells and the effects on these of Cobalt y-irradia- 
tion under well oxygenated and hypoxic conditions. 

The technique, in conjunction with a similar i vitro 
method (Courtenay and Hills, 1976), has been used to show a 
hypoxic fraction of about 0-25 in a human pancreatic tumour 
xenograft treated im urvo in an air-breathing mouse. In vitro 
radiosensitivities of two human tumour xenografts, a pan- 
creatic carcinoma (De 90 rad) and a melanoma (Do 150 rad), 
have been compared with that of human bone marrow 
(Do 85 rad). These findings suggest that the technique 
may have value in treatment planning and in predicting 
clinical response both to radiotherapy and to chemotherapy 
for which the method is also being used. 
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THE RESPONSE OF TUMOURS TO X RAYS AND RO-07-0582 


By R. H. Thomlinson, S. Dische, A. Gray and 
Lesley Errington 


Radiotherapy Department, M ount Vernon Hospital 
Northwood, Middlesex 


When a new régime of cancer therapy based on the effect 
of ionizing radiations is to be tested clinically, the response 
of both the neoplastic and the normal tissues included in 
the radiated volume must be assessed before final conclu- 
sions can be drawn. This paper is concerned with the res- 
ponse of tumours, that of normal tissues being described 
elsewhere (Dische et al., 1976, Gray et al., 1976). 

The responses of tumours to irradiation fall into two 
categories; those that depend on the cells that are killed, 
and those that depend on cells that survive. The former 
class, of which regression is the classical example, is an 
insensitive indicator of the relative effectiveness of any two 
forms of treatment. Poor forms of radiotherapy are likely to 
kill 99 per cent of the clonogenic cells of a tumour and dif- 
ferences of regression are unlikely to reveal differences in 
the killing of the remaining 1 per cent. 

The response of tumours which depends on the cells that 
survive is the capacity for regrowth. In experimental 
tumours in animals this can be tested in fresh environments, 
in vitro or in vivo. In human tumours regrowth can, in 
general, only be observed from cells left £n situ. The timing 
of regrowth depends on the growth rate of the tumour and 
varies from one to another. The simplest means of ensuring 
similarity of tumours is to treat multiple metastases in the 
same patient, which in certain circumstances is ethically 
permissible. 

When testing the effectiveness of a new sensitizing agent 
such as Ro-07-0582, most information can be gained from 
the comparison of doses of radiation given with and without 
the drug which produce the same biological effect. How- 
ever, since no two effects can be shown to be identical, 
the comparison of a dose of radiation given with the drug 
must be made with at least two different doses given with- 
out. Results can only be obtained in favourable circum- 
stances. In one patient in whom 21 nodules of subcutaneous 
metastases of carcinoma of the cervix were measured, two 
groups of seven were treated with single doses of 960 rad 
and 1,120 rad without the addition of the sensitizer and one 
group of seven was given 800 rad four hours after the oral 
administration of 4 g of Ro-07-0582, 'The results indicate 
an enhancement of the radiation dose by a factor of 1-2 
with an approximate range of standard error from 1-1 to 
1-45 (Thomlinson et al., 1976). 

Tests were made in several other patients, but for reasons 
which are discussed no conclusive results were obtained. 


REFERENCES 

Discus, S., Gray, A. J., and ZANELLI, G. D., 1976. Clinical 
testing of the radiosensitizer Ro-07—0582. 2. Radiosensi- 
tization of normal and hypoxic skin. Clinical Radiology 
{in press). 

Gray, A. J., Discue, S., Apams, G. E., FLOCKHART, I. R., 
and FosrER, J. L., 1976. Clinical testing of the radio- 
sensitizer Ro-07-0582. 1. Dose tolerance serum and 
tumour concentrations. Clinical Radiology (in press). 


THOMLINSON, R. H., Discug, S., Gray, A. J., and Errinc- 
TON, L. E., 1976. Clinical testing of the radiosensitizer 
Ro-07-0582. 3. Response of tumours. Clinical Radiology 
(in press). 


THE EFFECT OF IRRADIATION ON NORMAL HUMAN 
RECTUM 


By D. ]. D. Perrins , 


The Churchill Hospital Research Institute 
University of Oxford, Headington, Oxford 


When hyperbaric oxygen was first introduced as a radio- 
sensitizer it was suggested that the dose of irradiation might 
have to be reduced in order to avoid unacceptable damage 
to normal tissue. 

In an attempt to answer this question serial biopsies of 
normal human rectal mucosa were taken before, during and 
after a course of radiotherapy in patients with advanced 
carcinoma of the bladder and cervix uteri. Analysis of the 
constituent cell types in the crypts of the mucosa revealed 
that the total number of cells was unaffected whether the 
irradiation was given in air or hyperbaric oxygen. Although 
there was a qualitative difference it was not of sufficient mag- 
nitude to require adjustment of dose when treating in 
hyperbaric oxygen. 

When a replicating pericryptal fibroblast system was 
described for the colon, the material was re-examined in 
the hope that the response of a mesenchymal tissue to 
irradiation could be measured. The results indicate that 
during a course of irradiation the fibroblast and the ad- 
jacent epithelial cell counts fall. Unlike the epithelial cells 
however, only some immediate recovery occurs in the fibro- 
blast population; moreover there is a gradually diminishing 
trend during the first year while the epithelial cell numbers 
are maintained. It is postulated that this lack of recovery 
of a connective tissue after irradiation may be an important 
component of late radiation damage. 
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THE EFFECTS OF RADIATION ON THE SKIN BLOOD 
PULSE 


By G. D. Zanelli 


Gray Laboratory of the Cancer Research Campaign 
Mount Vernon Hospital, Northwood, Middlesex HAG 2RN 


Measurement of the skin blood volume pulse (BVP) is a 
well-known method for investigating the reaction of the 
vascular bed to applied internal or external stresses. 

We have measured the skin BVP in three patients during 
and after fractionated radiation treatment for malgnam 
disease. The purpose was to assess the value of the method 
for quantitating the reaction of human skin to radiation and 
as a tool for investigating some aspects of radiation damage 
to the microvasculature of the skin. . 

The BVP of irradiated skin becomes significantly greater 
than that of normal skin after a dose of about 1,000 rad 
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has been accumulated and before the appearance of a clearly 
detectable erythema. It then follows a typical increasing 
wave pattern. In one patient the BVP in the irradiated skin 
wus as much as nine times greater than that of normal skin. 
‘The maximum BVP does not coincide with maximum ery- 
tharna but follows it some days later. Eight months after 
irradiation, when the skin has recovered its normal appear- 
ance, the BVP is still elevated. Mild cooling, which is sufh- 
cient to eliminate pulsations for up to two minutes in 
normal skin, does not affect the BVP of irradiated skin. It is 
suggested that radiation alters the elastic properties of either 

the blood vessels’ walls or those of the surrounding tissues, 

ar both. 

Skin BYP measurement can be carried out without any 
discomfort to the patient, even in the presence of a brisk 
erythema reaction and does not take up much time. It may 
be valuable in quantitating the skin reaction to radiation 
and, particularly in conjunction with histology, may vield 
new information on the nature of radiation damage to the 
vascular bed. 


SOME MEASUREMENTS 
By A. H. W. Ni 


NIAS 


á 


WITH SKIN AND LYMPHOCYTES 





Glasgow Institute for Radiotherapeutics and Oncology 
Belvidere Hospital, Glasgow G31 4PG 


Fall skin thickness biopsy of both an irradiated and a 
complementary control area of skin permits examination of 
the histopathological response to radiation of dermal struc- 
tures. Biopsies have been taken from patients (with infor- 
med consent) three or more months after radiotherapeutic 
régimes totalling three levels of dosage, These can be ex- 
pressed i in CRE units of 4,900 (grid squares receiving 10,000 
rad in 10 fractions in 12 davs), 1,500 (partial tolerance) and 
950 (sub-tolerance) Quantitative histology is possible if 
counts are made of the number of normal dermal appen- 
dages (e.g. 
dose response was found over the standard therapeutic 
range but the high-dose samples from grid squares showed 
changes beyond the limit of resolution. This histometric 
method can be emploved to determine RBE values for DT 
neutrons, for example. 

When patients need palliative. radiotherapy to two or 
more cutaneous deposits of malignant disease then com- 
parable lesions are given different fractionation, predicted 
to give the same cumulative radiation effect (CRE). A series 
of patients have provided comparisons of the smaller num- 
bers of fractions (1, 2, 3 and 5 in one week) for which 
information on time-dose relationships is less frequently 
av ailable. Most comparisons have satished a ‘‘null hypo- 
thesis" with respect to the biological equivalence of normal 
and tumour tissue response at the level of partial toler- 
apee, 

Peripheral blood from normal human donors has been 
used to provide samples of lymphocytes (after a ficoll- 
hvpaque gradient procedure which separates more than 
90 per cent lymphocytes). Exponential dose-response curves 
have been obtained with aliquots irradiated before stimu- 
lation with phytohaemagglutinin (PH A) and labelled with 
MC thymidine after three or six days’ culture. This permits 
measurement of the transformation index by scintillation 
counting. The slope of the dose-response curve was dif- 
ferent when the Jes chika of ie was ceo: 
The Do was 4,000 rad with § 
ug; ml. 

(d number of Glasgow colleagues collaborated in these three 
studies.) 


sweat glands) per section, in serial sections. A` 


A PATIENT WITH ATAXIA-TELANGIECTASIA SHOWING 
ABNORMAL RADIOSENSITIVITY TO NORMAL DOSES OF 
IRRADIATION 


By jillian R. Mann 
Children’s Hospital, Birmingham 


Ataxia-telangiectasia is a syndrome of autosomal recessive 
inheritance characterized by cerebellar ataxia, oculocutan- 
eous telangiectasia, chromosomal instability, immunological 
deficiencies and an increased incidence of reticulo- endothel- 
ial malignancy. 

A seven-year-old boy with this disorder developed a 
malignant lymphoma of the right lung. Since the tumour ex- 
tended up the bronchus to the plane of resection, radio- 
therapy was given to the mediastinum in an attempt to 
eradicate the residual tumour. After 2,000 rad dysphagia 
was noted and skin erythema occurred in the radiation held, 
necessitating cessation of the treatment after 3, 000 rad had 
been given. Despite systemic prednisolone therapy, the 
dysphagia increased, the skin sloughed from the irradiated 
areas of the chest and the child died nine weeks after the 
start of radiotherapy (Cunliffe et al., 1975). 

Two previous examples of death from radiosensitivity 
have been reported in patients with ataxia- telangiectasia 
(Gotoff et al., 1967; Morgan et al., 1968). The possible sig- 
nificance of the radiosensitivity iS ' discussed, and attention 
is drawn to the hypothetical risk of similar radiosensitivity 
in two other disorders characterized by chromosomal in- 
stability and predisposition to malignancy---Bloom’s and 
Fanconi's syndromes. 
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ATAXIA TELANGIECTASIA, RADIOSENSITIVITY AT THE 
CELLULAR AND MOLECULAR LEVEL 


By C. F. Arlett and A. R. Lehmann 
M.R.C. Cell Mutation Unit, University of Sussex, Brighton 


By P. H. M. Lohman 
TNO, Rijswijk, The Netherlands 


By M. C. Paterson 


Atomic Energy. of Canada Ltd., Chalk River, Ontario, 
Canada 


Fibroblast cell strains from normal human donors and 
four ataxia telangiectasia (AT) patients have been exposed 
to y irradiation. The radiosensitivity of our sample of eight 
cell lines from normal donors varied by a factor of approxi- 
mately two, with a mean Do value of about 140 rad. The AT 
cell lines were at least three times as sensitive with a mean 
Do of about 40 rad (Taylor et al., 1975). We were not able 
to demonstrate any cross-sensitivity of two AT cell strains 
to ultraviolet light, methyl methanesulphonate or mitomy- 
cin C, Thus chemotherapy may be a potential alternative to 
radiotherapy with these patients although radiotherapy may 
be possible with scaled-down doses. 
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At the molecular level AT cells are seen to be normal 
in their capacity to repair y-induced single and double 
strand breaks in DNA but are deficient in the excision repair 
of a specific type of base damage. Thus it is possible to 
correlate defective-DNA repair, radiosensitivity in culture 
and im vivo and predisposition to malignant tumours, AT 
cells appear to be an ionizing-radiation equivalent of xero- 
derma pigmentosum cells with which considerable success 
has been achieved in elucidating the repair processes active 
on UV photoproducts in the DNA of human cells. 
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THE RADIOSENSITIVITY AT THE CHROMOSOMAL LEVEL 
OF LYMPHOCYTES FROM PATIENTS WITH ATAXIA 
TELANGIECTASIA 


By A. M. R. Taylor, J. A. Metcalfe, J. M. Oxford 
and D. G. Harnden 


Department of Cancer Studies, The Medical School 
University of Birmingham, Birmingham B15 2T3 


The radiosensitivity of patients with ataxia telangiectasia 
(AT) has been indicated from in vive studies (Cunliffe et al., 
1975) and recently from im citro studies on skin fibroblasts 
(Taylor et al., 1975). We have also shown, that this radio- 
sensitivity 1s observed at the chromosomal level in blood 
lymphocytes, X-irradiated at different stages of the cell 
cycle and over the same dose range as that used in survival 
experiments. 


Following X-irradiation (200-400 rad) of Go lymphocytes 
from A'T patients, an increased number of both chromosome 
type aberrations and chromatid type aberrations were ob- 
served. Chromatid type aberrations of any kind are rarely 
seen in normal lymphocytes irradiated at Go, but in the AT 
lymphocytes many chromatid interchanges including trirad- 
ials were seen. Irradiation during Gə induced a very high 
level of chromatid gaps and breaks in AT lymphocytes com- 
pared with controls. This agrees with a previous report 
(Rary et al., 1974). 

Our results are consistent with the hypothesis that there 
is a defect in the repair of X-ray damage baseg in AT 
cells, the consequences of which can be observed as visible 
chromosome aberrations, unrepaired single strand damage 
giving rise to chromatid type aberrations after Go irradia- 
tion and unrepaired double strand breaks giving both 
chromosome type aberrations after Go and chromatid type 
aberrations following Ge irradiation. 

Although there are difficulties in extrapolating from events 
at the molecular level to observations made on chromo- 
somes, the possible role of failure to repair damage in the 
production of chromosome aberrations has also been shown 
in cells from patients with xeroderma pigmentosum 
(Sasaki, 1973). 
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Book reviews 


Principles of Diagnostic X-ray Apparatus. Edited by D. R. 
Hill, pp. 383, 1975 (The Macmillan Press Ltd.), £495. 

This is a very useful book which has been written in such 
a way as to be valuable for students of diagnostice radio- 
graphy, for X-ray service engineers, and to anyone con- 
cerned with teaching apparatus construction. The emphasis 
throughout the book is on practical matters. Twelve of the 
21 chapters deal with various aspects of the design and use 
of equipment. These are preceded by a section dealing with 
the production and measurement of X rays and their inter- 
action with matter; a chapter on radiation physics which 
would be valuable for radiographers studying for a diploma 
is included. 

The design of test equipment and its application to fault 
diagnosis is dealt with. The final chapter deals very briefly 
with items of electromedical equipment such as might be 
used for clinical monitoring, and that might be used in an 
X-ray department. This chapter should be regarded as 
introductory to more extensive publications. 

To sum up, the book contains a lot of useful information 
at a very practical level, and is ideal for teachers in this field. 
The production of the book would be improved by better 
reproduction of some of the photographic illustrations. 

N. W. Ramsey. 


Flash Radiography. By Frances Jamet and Gustav Thomer, 
pp. 192, 1976 (The Netherlands, Elsevier Scientific Publish- 
ing Company), D.fl.85. 

This book describes in detail the theory and design of 
flash radiography tubes. Flash radiography tubes produce 
X rays with a dose-rate of 105 C Kg-!s-! (108 to 10? Rs-1 
approximately) at 1 m, during a pulse lasting a few nano- 
seconds (10-?s); the dose delivered per flash may vary by 
5 to 10 per cent. The high current is obtained by cold emis- 
sion and vacuum discharge. 

Flash radiography has applications in industry for re- 
search into short-lived phenomena, but some studies also 
have been made of impact effects on experimental animals. 

It has been suggested that flash techniques might be of 
value for the radiography of children who cannot be ade- 
quately immobilized. An X-ray machine for medical pur- 
poses has been made which operates at 350 kV and gener- 
ates X-ray pulses approximately 20 nanoseconds long with 
a repetition rate of 1,000 pulses per second, the total 
number during exposure being controlled by an ionisation 
chamber. The authors do not refer to any results of medical 
examinations using such a system. 

N. W. RAMSEY. 
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‘THe Exrror-—3im, l 
A STANDARD SYSTEM OF CO-ORDINATES FOR RADIOTHERAPY 
APPARATUS 


system of co-ordinates for radiotherapy apparatus”. 

In brief, the code sets out recommendations for a unique 
system of scale co-ordinates for the 11 most common 
movements found on radiotherapy beam units. It was 
compiled from a survey of 30 installations in 14 departments 
from 9 manufacturers 1n an effort to eliminate the confusion 
that exists in departments when equipment from different 
manufacturers is installed. 

Such uniformity is particularly important when patients, 
planned on a simulator, are transferred to a treatment unit — 
scale conversions are time consuming and error prone. 
Consistency of scale readings is also important when 
computers are used to assist in treatment planning, to check 
the treatment set-up or to control the treatment unit 
movements. 

‘The appendix to the code summarizes the information 
collated from the survey and the consistency between the 
(then) existing svstems and the recommendations. 

Many delegates at the Edinburgh Congress enquired 
after the publication of this code, demonstrating the keen 
igterest the survey aroused, but at the same time demon- 
strating that the publication has passed almost unnoticed. | 
hope this letter will help to publicize the code and speed the 
implementation of a standard system. 

Yours, etc, 
C. K. BOMFORD. 
Regional Medical Physics Department, 
Weston Park Hospital, 
Sheffield 510 281. 


Tor EDITOR —518, 
ELECTRON CONTAMINATION OF "TELECOBALT BEAMS 

Baum and Phillips (1974), using an experimental set-up, 
showed that electron contamination could make the surface 
dose as much as 30 per cent greater than the dose at a point 
(-3 cm deep in tissue, even with a collimator-skin distance as 
large as 20 cm. They emphasized the importance of such 
contamination in radiotherapy, and showed that the over- 
dosage could be removed by a Perspex (or better still, a 
copper) filter at the end of the collimator. 

The measurements of Baum and Phillips were made 
under conditions not directly comparable to those in most 
teletherapy machines. The urgent need for data more 
directly related to the clinical situation, and the apparently 
widely held misconception that the electrons come mainly 
from the parts of the collimator system closest to the patient, 
prompts us to present some relevant measurements from 
two different telecobalt machines. A full account will be 
presented in a later paper on the general problem of electron 
contamination in high energy photon beams. 

Machine A (65 cm SSD, collimator-skin distance 30 cm, 
maximum field 24 x 24 cm) has been used in many countries 
for the past 18 vears, and was supplied already fitted with a 
Perspex filteg across the end of the primary collimating cone, 
about 12 cm fram the source. The rest of the data in Fig. 1 
were obtained during the normal commissioning of Machine 
B (80 cm 55D, collimator-skin distance 35 cm, maximum 
feld 39.5 x 39-5 em) which was not fitted with an electron 
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Fic. 1. 
Build up measurements for two different cobalt machines. 


filter.* All field sizes mentioned here are defined bv the 80 
per cent isodose lines at 0:5 cm depth in a water phantom. 
‘The results obtained so far show: 

(1) a peak dose of about 116 per cent about 0-1 cm below 
the surface in a 39:5 x 39-5 cm field (Machine B); 

(2) experiments with magnetic fields have shown that this 
peak is due to electrons with penetration corresponding 
to an average energy of about 600 keV ; 

(3) the electron flux is very dependent on field size, 
becoming unacceptable above about 25 x 25 em (at 80 
cm SSD, Machine B); 

(4) the size of the peak increases as the SSD decreases, up 
to 132 per cent at 65 cm for Machine B; 

(5) in nearly all situations, the surface dose remains less 
than the dose measured at 0-5 cm depth; 

(6) asuitable filter (e.g. about 0-3 cm Perspex) removes the 
problem of overdosage at all field sizes and for all 
practical treating distances; 

(7) lining the collimator surfaces with medium Z material 
(e.g. brass) reduces the peak dose by only about 7 per 
cent; 





*Since these measurements were made the manufacturers of 
Machine B have provided attachable Perspex filters for all 
machines of this design. The resulting build-up curves for 
the larger field sizes are then similar to Curve 3 of Fig. 1. 
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(8) doses greater than the 100 per cent measured 0-5 cm 
deep on the beam axis occur over the central 24 x 24 cm 
area of the 39:5 x 39-5 cm maximum field (Machine B); 

(9) the electron flux extends a long way bevond the geo- 
metrical edge of the photon beam, giving a high 
“hidden” surface dose in regions where negligible dose 
is usually shown on isodose charts drawn for depths 
greater than 0-5 em; 

(10) measurements with filters at different distances from 
the source have shown that the electron flux from the 
patient end of the collimator system is negligible com- 
pared with the flux from the surface of the primary 
collimator cone close to the source, 

Several important points arise from these measurements, 

and from the published literature on telecobalt machines. 
1. It is essential that measurements are made throughout the 
build-up region when commissioning new teletherapy 
machines, as the overdosage peak may lie below the surface. 
Measurement of the surface dose alone is not a sufficient test 
for electron contamination. 
2. Skin sparing can be lost completely even under conditions 
that conform to current international recommendations. For 
example, L.C. R.U. Report 10d on Clinical Dosimetry (1963) 
gives the misleading advice that overdosage in the build-up 
region will not occur if the collimators are more than 15 cm 
from the skin. This is repeated in LC.R.U. Report 10b on 
Physical Aspects of Irradiation (1964). Similarly, the chapter 
by Johns in Radiation Dosimetry by Attix et al. (1969) (Vol. 
IH, p.30) states that such peaks occur only when scattering 
objects are close to the skin. It does not seem to be widely 
appreciated that an electron filter is necessary in the beam 
even when all collimators are further than 15 cm from the 
skin, although Haybittle (1955) does mention that a filter 
cuts out these electrons. ‘There seems to be a widespread 
belief among both users and manufacturers of cobalt 
machines that the main purpose of a filter at the end of the 
primary cone is to prevent objects falling in rather than to 
stop electrons getting out. 

3. The necessity of fitting an electron filter considerably in- 

fluences the design of a cobalt collimator svstem, and the 

later addition of a filter to a machine not designed to take one 
can raise problems. 

4. High surface doses outside the geometrical edge of the 

beam can lead to high combined doses and hence unexpected 

reactions when two adjacent fields are used together, or when 

a second field is treated some time later. 

5. Because the overdosage peak increases rapidly with de- 

creasing SSD, electron contamination should be checked 

over a range of SSD if treatment techniques are used which 
place the tumour at the centre of rotation. 

Theory predicts that the primary cone provides the 
majority of electrons, since the y flux causing the emission 
decreases as the square of the distance from the source, 
whereas the surface area of the collimator increases only 
linearly with distance. Therefore the electron flux produced 
decreases approximately linearly with distance from the 
source, and this is only slightly offset by the decreasing 
distance to the skin in machines with a large SSD. The 
electrons generated by the filter are approximately indepen- 
dent of source-filter distance, since the increase in filter area 
with distance is compensated by the decrease in y flux at the 
filter, The area of the collimator surfaces between filter and 
source is approximately four times the surface area of the 
filter, and therefore the filter removes far more electrons 
than it generates. 

In conclusion, some means for removing electrons is 
essential in the design of telecobalt machines, especially 
when used to treat large fields. 


Yours etc., 
C. W. SMITH, 
W., H. SUTHERLAND. 
Velindre Hospital, 
Whitchurch, 
Cardif CF4 7XL. 
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THE EDITOR—SIR, 
GAMMA-RAY SCATTER IN A ''ELECOBALT BEAM 

Over the past four decades many measurements have 
been reported on contamination in y-ray beams. Originally 
these related to short distance radium units and later to 
teletherapy cobalt units. The effects of electron contamina- 
tion are well known. The effects of scattered y-ray photons 
have been presented in the past from the point of view of 
photon spectra in clinical beams, and the contribution made 
by the lower energy scattered photons to the measured 
dose-rate 1n the clinical beam. 

This letter presents a preliminary report of measure- 
ments made at the Christian Medical College and Hospital, 
Vellore, on the clinical beam from a Theratron-60 tele- 
therapy cobalt unit. 

À medium atomic number brass filter has been used in 
the usual way to eliminate electron contamination, Spectral 
measurements of the resultant clinical y-ray beam showed a 
high proportion of scattered photons present in the beam, 
which contributed approximately one-third of the dose- 
rate. Maximum dose build-up was found to occur at a depth 
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y-ray spectra of the beam from the Theratgon-60 telecobalt 
unit. 


1 Sa * * 
1. Spectrum of the unfiltered y-ray beam. 2. Spectrum with 
1-5 mm brass electron filter. 3. Spectrum with 3 mm lead 
filter. 4. Spectrum with 4-5 mm lead filter. 
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of only 3 mm, this depth being affected by the energy of the 
incident scattered photons. 

The effect of high atomic number filtration on the 
beam spectrum has been investigated and it has been found 
that the proportion of scattered photons can be significantly 
reduced by a lead filter. The effect of this filtration on 
photon energy in the beam is shown in Fig. 1. This shows the 
spectra, measured using a sodium iodide crystal detector, of 
the unfiltered beam, of the beam after passing through a 
brass filter to remove electrons, and after passing through 
a 3 mm and through a 4:5 mm lead filter. 

It is recommended that lead glass of 3 mm lead equivalent 
be provided'as an external filter. This would give a beam 
with maximum build up at 5-5 mm below the skin, and 
would allow the normal use of the optical beam defining 
system, 

Yours etc., 
C. A. JAYACHANDRAN. 
C.M. C. Hospital, 
Vellore — 632004, 
‘Tamilnadu, India. 


‘THe EDITOR- MR, 
APPLICATION OF THE WEIBULL DISTRIBUTION 

Having derived a Weibull equation from a very simple 
biological model of age-dependent disease, and having 
applied it extensively for more than a decade, I was dis- 
turbed to read in your November issue (Campos, 1975) that 
the equation "has no particular theoretical basis". The 
nodel can be described briefly: A disease is restricted to a 
sub-«populatien that comprises a fraction, S, of the general 
popuf&tion; it is initiated by r random somatic gene 
mutations (where r is a positive integer) that are accumula- 
ted in a single stem cell, It follows from certain assump- 
tions (see below) that the age-specific initiation rate 
(dPidi) at age t vears will be described by the Weibull 
equation (Burch, 1965, 1966). 


dPjdt-rkSt'"exp(-k?P) . ; . (1) 





at somatic mutational risk per person at risk; and m is the 

average rate of mutation for each of the r genes at risk per 

cell at risk per year, The equation requires that: 

(13 m «£1 for all t of interest; 

(2) back mutation has a negligible impact; 

(3) S remains effectively constant with time; and 

(4) the average overall age-specific mortality in the pre- 
disposed sub-population resembles that in the general 
population. 

Equation (1) is a particular version of the following 
more general equation. (Burch, 1966, 1968) which appears 
to be relevant to the great majority of diseases that exhibit 
a reproducible age-pattern: 


dPídt —(nrkSt"* exp (-kt*)  1-exp (-kt) j" ra 


distribution: 
dPidt=inkStexp kr) Hi dl-exp(-k i^ so 43) 


Equations of the same general form as the integrated 
versions of (1) and (3) also describe (Burch, 1970a, b) the 
relation observed in many radiobiological systems between 
effective target cross-section. (41) and LET (L) in track- 
segment experiments. 

The Weibull equation, 


Ar=A{t-exp(-kL); 2... (4) 


will apply when: 


(1) the system (for example, chromosome, cell, etc.) consists 
of numerous, complex targets, each consisting of r dis- 
tinctive elements; 

(2) the probability that any one specific element will receive 
an effective radiation "hit" is small at all L of interest; 
and 

(3) biological change depends on each of the r elements, of 
at least one complex target, receiving an effective radia- 
tion “hit”, 

Equations (1) to (3) of the model of age-dependent dis- 
ease are the mathematical consequences of the stochastic 
nature of gene mutation, the specificity of a gene and the 
specificity of distinctive cells. Equation (4) 1s the mathema- . 
tical consequence of the stochastic nature of energy trans- 
fers from ionizing particles and the structural specificity 
of complex biological molecules such as double-stranded 
DNA. A restriction that is common to both models should 
be emphasized: the parameter r in the Weibull equations 
and z in the Yule equations must be positive integers. 

Yours, etc., 
P. R, J. Burcu. 

Department of Medical Physics, 

University of Leeds, 

The General Infirrnary, 

Leeds LS1 3EX. 
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THe EprrToR—51R, 
ACCEPTABLE RADIATION TREATMENT SCHEDULES 
TO THE KIDNEY 
If radiation response in the pig is sufficiently similar to 
that in the human for the experimental results of Hopewell 
and Berry (1974) to be transferable to the clinical situation, 
the following treatment schedule would appear not to 
exceed tolerance for the kidney: 
(1) a single X-ray dose of 1,000 rad (equivalent to approxi- 
mately 1,100 rad with 99?Co); 
(2) Six X-ray doses of 243 rad over 18 days (equivalent to 6 
x 270 rad with 99Co); 
(3) 30 X-ray doses of 121 rad over 30 days (equivalent to 
30 x 134 rad with 99Co). 
An NSD of 1,800 rads, which is assumed to apply for 


564 


1976, British Journal of Radiology, 49, 565 


June 1976 


Correspondence 


have suggested (Ellis, 1968) an acceptable tolerance for the 
kidney of only 0:2: 1,800—360 rets. Any radiotherapist 
exceeding this figure may put his patient in jeopardy and 
the following corresponding equivalent schedules may then 
be calculated similarly: 
(1) a single dose of 360 rad; 
(2) six treatments of 220 rad twice weekly over 18 days; 
(3) 30 treatments of 70-75 rad five times weekly over 39 days. 
When further information is available about radiation 
damage in the kidney, say after one year, for patients who 
have received larger doses accidently or of necessity, there 
- may be justification for exceeding these figures. However, 
the mechanisms of both early and late damage to the kidney, 
which are responsible for its great sensitivity as demon- 
trated in clinical work, are not yet understood. Until they 
are, or until more clinical facts are available, the doses 
suggested above should not be significantly exceeded. 
Yours, etc., 
F. ELLIS. 
Department of Radiation Therapy, l 
Memorial Sloan Kettering Cancer Centre, 
1275 York Avenue, 
New York, N, Y. 10021, 


U.S.A. 
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Editor's note 

This letter was originally received in January 1975, but due 
to prolonged correspondence between the author and several 
other doctors who were involved in similar work, publication 
has been delayed until now, 


‘THE Eprron— Sin, 
NSD AND EXPERIMENTAL WORK WITH Pics 
Berry and his colleagues have recently described their 
interesting and excellent experimental work in the pig (Berry 


et al., Patterson 1974a; Berry et al., 1974b). However, | 

would point out that they have not used the NSD concept 

correctly when calculating equivalent biological effects, Two 
factors must be borne in mind: 

(1) The formula applies to 8?Co therapy and the correspond- 
ing doses for 250 kV X-radiation must be obtained by 
multiplying by 0-9. 

(2) The partial tolerance principle must be used in calculat- 
ing ret doses, 

In the table the ret doses corresponding to their treatment 
schedules have been recalculated using the NSD slide-rule 
(Winston et al., 1969). The dose per fraction, corrected to 
relate to 89Co radiation, is set against the frequency of 
treatment (2 or 5 fractions per week) to give the number of 
fractions, N, for an NSD of 1,800 rets. The ret dose 
corresponding to the treatment is then calculated from the 
ratio 1,800/N multiplied by 6 or 30, the number of fractions 
actually used. It is clear that all their treatments provided 
ret doses in excess of those intended, and the last two 
columns show the X-ray doses which should have been 
given in each case. However, the ret doses given in the two 
régimes of fractionation are still very similar to one another, 

Yours, etc., 
BL ELLIS. 

Department of Radiation Therapy, 

Memorial Sloan Kettering Cancer Centre, 

1275 York Avenue, 

New York, N. Y. 10021, 

U.S.A. 
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This letter was originally received in January 1975, but due. 
to prolonged correspondence between the author and several - 
other doctors who were involved in similar work, publi. - 
cation has been delayed until now, 
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18 days fractions 250 kV X-ray 
250 kV X-ray Dosejfr. Equiv. Co or Rets Rets dose for rets intended 
dose (rad) (rad) (rad) 1,800 rets given intended rad) 
3,790 632 702 5-1 2,118 1,800 6 « 572 «= 3,432 
4,350 225 806 4.1 2,634 2,070 6 x 658 = 3,948 
4,920 820 911 3-35 3,224 2,340 6 x 743 — 4,358 
5,490 915 1,017 2°85 3,803 2,610 6 x 830 4,980 | 
30 fractions in | | 
39 days 
5,230 174 193 32:8 1,646 1,530 30 x 156 = 4,680 
6,150 205 228 25.5 2,118 1,800 30 x 183 = 5,490 
7,080 236 262 20-4 2,647 2,070 30 x 210 6,300 
8,000 267 297 16:8 3,214 2,340 30 x 238 — 7,1460 | 
8,920 297 330 14-4 3,750 2,610 30 x 264 = 7,920 
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Tre Eorron—S91R, 

Homan LYMPHOCYTE TRANSFORMATION BY 
PHYTOHAEMAGGLUTININ AFTER "Ix VrrRO" AND "IN Vivo” 
IRRADIATION 

Yaur correspondents, Song and Levitt (1975), queried 
our results on lymphocyte transformation by PHA after i 
citro irradiation. They suggested that our results conflicted 
with other published data and they referred specifically to 
the work of Conrad (1969) which, in their opinion, supported 
their own findings that PHA transformation of lymphocytes 
from rats was not significantly depressed by 1,000 rad of 
X-irradiatidm. Conrad (1969) constructed a response curve 
for maximum effect, i.e. after three days incubation, a time 
used in our own studies, and showed that for an X-ray dose 
of 780 fad inhibition of lymphocyte transformation occurred 
and the response was 38 per cent of that observed at zero 
dose, while at higher doses a levelling off in response was 
seen (Fig. 1). Our data after three days’ incubation showed 
that the response was 25 per cent of that at zero dose for 750 
rad of y ravs with a similar levelling off at higher doses. 
Hberv et al., (1971) carried out similar experiments with 
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Response of human lymphocytes to PHA after zn vitro irra- 
diation; @, Braeman and Moore 1974; X, Conrad 1969; 
O, BHbery et al, 1971. 





human lymphocytes after in vitro y irradiation and showed 
that the response was 35 per cent of that at zero dose for 750 
rad with a similar tendency to level off at high doses (Fig. 1). 

Work by Nias (1975) not yet published showed that 1,000 
rad reduced PHA transformation to approximately 35 per 
cent of that at zero dose. These results with human lympho- 
eytes are really very similar considering the different 
techniques used to measure lymphocyte response to PHA. In 
our experiments (Braeman and Moore, 1974) a microscopic 
morphological technique was used; Conrad (1969) used 
electronic counting and sizing of nuclei and Hbery et al. 
(1971) and Nias (1975) used incorporation of tritiated | 
thymidine. The results of all these investigations are plotted 
in Fig. 1. Since it is the radiosensitivity of lymphocyte 
response to PHA transformation that is being measured, the 
data from all three investigations were plotted using the 
conventional semi-logarithmic plot used in radiation studies. 
From this graph a dose of 400—600 rad reduced the response 
to 40 per cent of that observed when no radiation was given, 
and in each case a levelling off in effect is seen at higher doses. 

Song and Levitt (1975) quoted the work of Neff and 
Cassen (1968) who demonstrated that damaged lympho- 
cytes were rapidly removed from circulation following in 
vivo irradiation. This work was carried out with rabbits and 
caution must always be exercised when extrapolating animal 
results to humans. However, Neff and Cassen (1968) also 
measured the effect of im vitro irradiation on lymphocyte 
transformation by PHA and noted for 300 rad of X-ir- 
radiation the response was 80 per cent of that observed for 
zero dose after three days incubation, a loss of response 
comparable to that reported by these other workers for 
human lymphocytes. Care must also be taken when compar- 
ing data obtained after three days incubation with that seen 
after six days incubation. 

It was possible to obtain blood samples, before and 
immediately after irradiation, from some patients being 
treated at Velindre Hospital, The samples taken before 
irradiation were then irradiated in vitro with the same dose 
as that given to the patient. Obviously the lymphocytes 
would receive a smaller dose from the £n vivo treatment and 
a smaller loss in PHA transformation would be expected. 
'The results are shown in Table I and demonstrate that both 
in vivo and in vitro irradiation depress response of lympho- 
cytes to PHA. Patient E is additionally interesting since the 
tumour was a basal cell carcinoma on the nose which was 
irradiated with superficial X rays so no significant dose 
would be given to the lymphocytes; this is clearly seen in the 
unchanged response of the lymphocytes after im vivo 
irradiation, 


TABLEI 
LYMPHOCYTE TRANSFORMATION BY PHA AFTER "IN vivo" 
AND IN VITRO" IRRADIATION AS A PERCENTAGE OF THAT SEEN 
AT ZERO DOSE. 


pmev— M (a ah ANN ERROR 





d: 


05, PHA transformation 


in VITO in vitro 


A 223 Larynx 91 89 
B 500 Parotid 78 65 
C 2658 Breast 91 67 
D 400 Breast 93 55 
E 2,000 | BCC 100 40 


Patients A, B, C, D treated by Co y rays and Patient E 
with 110 kVp X rays. 
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Where samples of blood have been taken before and 
immediately after irradiation, i.e. approximately 15 minutes 
after completion of treatment, total white cell counts and 
differential white cell counts were not significantly different. 

We feel that in spite of Song and Levitt’s (1975) accu- 
sation that our results are atypical, it does seem that a closer 
examination of other people’s data shows that we agree with 
most in vitro studies that have been carried out on lympho- 
cyte transformation after irradiation and the suggestions in 
the original letter are still valid. 

Yours, etc, 
I. L. Moors. 
. JupitrH BRAEMAN. 
Velindre Hospital, 
Cardiff. 
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THe Evrror-—Sir, 

Hypoxic RADIOSENSITIZERS AND CELLULAR RESPIRATION 

In a recent communication, Rauth and Kaufman (1975) 
presented data demonstrating radiosensitization of hypoxic 
tumour cells with specific drugs and injection techniques. 
They stressed that radiosensitization in tivo is dependent 
on (1) drug transport to the tumour, (2) diffusion of the 
drug to the hypoxic cells, and (3) drug effectiveness at high 
cell density. Inherent in these points, yet worthv of further 
emphasis, is the requirement that such drugs should have 
little or no metabolic effect on either the normal or malig- 
nant tissues. Changes in cellular metabolism, including res- 
piration, may drastically alter the radiosensitivity of multi- 
cellular structures including both tumours (Biaglow et al., 
1970) and the in vitro spheroid system (Durand and Biag- 
low, 1974). 

Rauth and Kaufman observed that the nitro-imidazoles 
were the only drugs which resulted in tumour sensitization 
after intraperitoneal injection. However, relatively good 
sensitization occurred after localized (intra-tumour) injec- 
tion of both NDPP and metronidazole (Flagyl). These ob- 
servations may be partially explained on the basis of the 
drug concentrations necessary in the tumour for radiosensi- 
tization. Another factor which should be considered is the 
influence of these drugs on cellular oxygen utilization. 

We have observed pronounced effects on the oxygen con- 
sumption of V-79 cells by Flagyl, NF-167 and NDPP, three 
of the drugs used by Rauth and Kaufman (Fig. 1). Flagyl] 
inhibited and NF-167 stimulated oxygen utilization at 
all concentrations. A more complex response was observed 
with NDPP, as oxygen utilization was stimulated at low 
drug concentrations and inhibited at higher drug levels. 
Concentrations of NDPP in excess of 0-5 mM were found 
to be cytotoxic, and the decreasing respiration at these 
concentrations (Fig. 1) probably reflects, in part, this 
toxicity. 

Spheroids irradiated in the presence of 0-5 mM NDPP 
(Fig. 2) showed an initial increase of radio-resistance. This 
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Immediate effects of increasing concentrations of freshly 
prepared NDPP, NF-167 and Flagyl on respiration rate of 


V79 Chinese hamster cells in suspension. For experi- 
mental details, see Hiaglow and Durand, 1976. 
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concentration produced a 70 per cent increase in the rate 
of oxygen utilization (Fig. 1) and apparently increased the 
hypoxic fraction of the spheroid sufficiently to offset the 
"direct" sensitizing effect of NDPP. Slight sensitization 
occurred initially at the lower NDPP concentration of 
0:125 mM where the hypoxic fraction was not increased as 
markedly. Sensitization with this low drug concentration re- 
flects both adequate transport of the sensitizer to the hypoxic 
cells of the spheroids, and virtually "unlimited" drug re- 
placement from the surrounding medium. similar situa- 
tion would be extremely difficult to achieve in vive unless the 
drug were not metabolized and were uniformly distributed, 
The decline in effect with time, both zn vivo and in vitro 
(Fig. 2), is probably linked to drug metabolism, This 
would, of course, develop more slowly in the spheroid 
system due to the smaller number of cells. 

In the tumour system used by Rauth and Kaufman, as 
in the in vitro spheroid, the net radiosensitivity is in part a 
function of cellular oxygen utilization and hence the size 
of the hypoxic cell population. Thus, we would predict 
that sensitizers which markedly increase oxygen utilization 
of the well-vascularized areas of a tumour (e.g. NF-167, 
Fig. 1) would always lead to an increase in the hypoxic 
fraction that could only be counterbalanced by a potent 
radiosensitizing potential. Conversely, sensitizing concen- 
trations of drugs that inhibit cell respiration (e.g. Flagyl, 
Fig. 1) would always be expected to increase fadiosensitivity 
through both oxygen-like radiosensitization and partial 
reoxygenation. Both predictions are consistent with Rauth 
and Kaufman's observations with their im vive system and 


567 


1976, British Journal of Radiology, 49, 568—569 


Correspondence 


~ 4125 mM NDPP 
7 .50 mM NDPP 
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* 
Cytotoxicity (closed symbols) and radiosensitizing effect 
(open symbols, cellular survival after a dose of 1,800 rad) 
of indicated concentrations of NDPP as a function of time 
of pre-irradiation incubation with the drug. The upper 
broken line represerts cell survival of untreated spheroids 
after 1,800 rad; the lower broken line is the survival obtain- 
ed for fully reoxygenated cells prepared by trypsinizing the 
spheroids prior to irradiation. 
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iniection techniques. Between these extremes, agents may 
exhibit both conc obito (NDPP, Figs. 1 and 2) and 
time- dependent (Fig. 2, and Sutherland and Richardson, 
1974) effects. Some coe (e.g. Flagyl) may also selectively 
kil non-cveling cells (Sutherland, 1974). These effects, 
including inhibition of oxygen utilization, killing of hy- 
poxic cells, and radiosensitizing properties will make it 
difficult to determine the exact mechanism of sensitization of 
such agents 15 vivo. However all of these properties would 
appear to be desirable in choosing a sensitizer for tumours. 

Our results and those of Rauth and Kaufman thus in- 
dicate that radiosensitizing chemicals may have "secon- 
dary” properties which modify their net effectiveness in 
vico, Specifically, effects on oxygen utilization may modify 
the radio-response of multicellular systems by modifving the 
size of the hypoxic fraction. As a consequence, we feel that 
it i unlikely that any hypoxic-cell radiosensitizer which 
stimulates oxygen utilization will be particularly effective 
in wea. In the spheroid system, at least, the effects on oxy- 
gen utilization have generally been found to dominate 
(Biaglow and Durand, 1976). This is not surprising, in view 
of the fact that molecular oxygen is the most effective 
radiosensitizer known for hypoxic cells. 
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WHEN ARE FUME-CUPBOARDS NECESSARY IN HOSPITAL 
RADIOISOTOPE LABORATORIES? 

In a recent letter, Dr. Moore questions the necessity for 
equipping hospital radioisotope laboratories with fume- 
cupboards “unless the procedures involved are excep- 
tionally hazardous" (Moore, 1975). A considerable ex- 
penditure is being incurred unnecessarily if these fittings 
are provided where there is no real need, and therefore 
guidance as to what constitutes "exceptionally hazardous” 
work would be very valuable, The responsibility of making a 
decision as to whether a fume-cupboard is necessary or not 
in any new or modified radioisotope department must rest 
with the local Radiological Protection Adviser (Code of 
Practice, 1972) who will judge the various factors involved 
in the light of his experience. Factors to be considered will 
include the type of department, the work to be undertaken 
there, the staff to be involved, and a guess as to the work 
which may become necessary in the future. The local 
pharmacist will advise on matters relating to sterility of 
materials for injection. It is unlikely that the many hos- 
pital departments which nowadays use radioisotope methods 
in their own fields will each need a fume-cupboard, though 
all those which perform in vtvo procedures will require a 
supply of sterile materials. In certain departments the use 
of an aseptic cabinet may be all that is necessary, e.g. during 
the labelling of blood cells or plasma. This cabinet will be 
rather similar in appearance to a small fume-cupboard, 
but there is no requirement for an air-flow and exhaust 


system so that the cost is relatively trivial. 
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In many X-ray departments where radioisotope scanning 
is undertaken a considerable quantity of radioactivity, 
mainly short-lived "Tc and !!3Inm, will be used. Genera- 
tors of these isotopes are supplied in a sterile condition and 
require repeated aseptic elution, The sterility requirements 
are best satisfied by a closed elution svstem where the 
isotope is never exposed to the free air, so that again a 
fume-cupboard with air-flow and exhaust system may not 
be required under normal conditions. Tests in this hospital 
have shown, however, that small quantities of radioactivity 
may be released through the air-bleed needle which is fitted 
to the final collecting-vial. The vapour or aerosol emitted 
can be trapped in a small piece of cotton wool placed around 
the outlet of the air-bleed needle, otherwise the elution pro- 
cedure must be done inside the fume-cupboard. It would 
be preferable to draw the eluent through the generator 
using a partially evacuated collecting-vial or another 
syringe. 

There are an increasing number of departments which 
undertake the preparation of sterile radiopharmaceuticals 
for organ imaging, using a selection of the many recipes 
that have been published in recent years. It is not always 
possible to use Millipore filters for sterilization of the 
final product (e.g. in the case of technetium-sulphur colloid) 
and often the final sterilization is conveniently and satis- 
factorily carried out using a domestic pressure-cooker 
(Pearson, 1971), If the slightest amount of radioactivity re- 
mains on the outside of a vial, for example, where the 
rubber cap has been pierced by a hypodermic needle, con- 
tamination of the water vapour inside the pressure-cooker 
will occur and radioactivity will be present in the emitted 
steam. Such sterilization, therefore, is best performed 
inside the furne-cupboard. 

Storage of therapeutic quantities of 1511, because of the 
volatility and high radiotoxicity of this nuclide, requires a 
well ventilated area, and the Code of Practice suggests that 
a lockable fume-cupboard may be the best place for storing 
this radionuclide. Dispensing and administration of 
therapeutic doses of radioiodine should also be performed, 
in my view, in a well ventilated area or fume-cupboard. 

Airborne radioactive contamination may also arise when 
disposable syringes fitted with small-bore hypodermic 
needles are used to dispense radioisotopes. The use of such 
needles can easily result in aerosol sprays being produced, 
particularly when the syringe is almost emptied. When this 
method is employed, other than into a sealed container, the 
syringe should be emptied with the tip of the needle below a 
liquid surface or touching the side of the receiving vessel. 

There might be justification therefore for the installation 
of efficient fume-cupboards (Hughes, 1974) in hospital 
laboratories that are routinely concerned with the elution of 
isotope generators, the sterilization of radio-pharmaceuti- 
cals involving the use of a pressure cooker, and the storage 
and handling of therapeutic quantities of 151], I believe it is 
true that Madame Curie, rather fortuitously, occupied a 
laboratory that was no more than a draughty wooden shed 
when she extracted radium from pitchblende ore. Although 
I do not advocate that hospital radioisotope laboratories are 
set up in similar accommodation, it would appear that the 
copious general ventilation of isotope rooms is perhaps 
better than the too frequent incorporation of unnecessary 
fume-cupboards. 

Yours, etc., 
J. L. Binks. 
Department of Medical Physics, 
Singleton Hospital, 
Sketty, Swansea SA2 8QA. 
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Tus Eprron--Sin, 
RADIATION EXPOSURE RATES ON SYRINGE SURFACES 
FROM ?v"Tcm 

A recent article (Henson, 1973) considered possible skin 
doses and dose-rates from unshielded plastic syringes 
containing radioactive liquids. In private correspondence, 
Hu&ák pointed out that the results given for ?" Tc differed 
significantly from his own published data (Husák, 1971). 
This letter contains the results of a subsequent comparison 
of measurements of surface exposure-rates and calculations, 
and may be of interest to others who have noted the range 
of values reported in the literature. 

Measurements of surface exposure-rate over the mid- 
point of the svringe active volume were made by two of us 
(V.H. and J.T.) using Lif-Teflon thermoluminescent dosi- 
meters (TLD). Two discs 0-4 mm thick by 13 mm diameter 
were taped to syringes, the volumes, inner and outer radii 
of which were: 2 ml. (4-7 mm, 5:2 mm), 5 ml. (6:0 mm, 
6:8 mm), 10 ml. (8-0 mm, 8-8 mm), 20 ml. (9-9 mm, 107 
mm). The TLDs were calibrated with X rays having mean 
energy of 45 keV (70 kV --0:5 mm Cu) by using a method 
for energy dependence calibration developed at the National 
Personnel Dosimetry Laboratory, Prague. Read-out was 
made with a Teledyne Isotopes 7100TS reader using pure 
nitrogen. The TLD's were annealed by a standard method 
including 24 hours at 80°C before irradiation. ‘The standard 
deviation for one exposure measurement was less than 7-5 


ponse to 20 keV and 140 keV photons of 9?'Tc'™ and that to 
calibration X rays is less than 10 per cent. This result is in 
agreement with data of Cameron et al. (1968). 

The experimental results are shown in Table I together 
with values calculated by the methods of Henson (1973) and 
Husák (1971). It can be seen that those due to Henson are 
in better agreement with experiment than those of Hušák, 
but both methods underestimate equally for the full 20 ml. 
syringe. Possibly, for this large syringe, some allowance is 
required for scattered radiation build-up, though this was 
omitted from all the calculations. A more complete picture 
is given in Fig. 1 which shows curves of the variation of 
surface exposure-rate with the volume injected. These were 
calculated by the method used by Henson and include a 
curve for a 1 ml. syringe (2-3 mm i.d., 3:3 mm o.d.) for 
which measurements were not made. Experimental points 
from Table I have not been added to the curves to retain 
clarity in the region where the latter are very close. Exposure 
rates, for example, for 5 ml. in 5, 10 and 20 ml. syringes 
are within +5 per cent as a result of the geometries of the 
various source configurations. As small volumes are ap- 
proached, the curves for 5, 10 and 20 ml. syringes approach 
asymptotically the value of exposure-rate from an infinitely 
thin disc source containing 1 mCi. In practice, of course, 
as the syringe is emptied the surface exposure rate R, 
in mR.min.^!, falls to zero with decreasing,volume according 
to R=wCR: where Re is the exposure-rate per mCi at 
volume v ml. given by the appropriate curve, and C is the 
concentration of activity in mCi, mbi. 
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| TABLE I 
COMPARISON OF MEASURED AND CALCULATED EXPOSURE RATES, 
raR/mGCi-MINUTE 
















| i Volume 

| Syringe | injected 

i ml mi. Henson 
3? | 2 20-0 214 
| 5 5 10-2 9-4 10-2 
= 10 | 10 7-0 6-1 6-5 
| 20 | 20 4.5 3-9 3.9 
Prasana EPES EE CENETA 


The writers are satisfied with the agreement between 
their methods and note that the previous differences in 
results referred to above were due to the following: 

1. Different values of exposure-rate constant were used. 
Huisák took 0-56 R.cm?.mCi-l h^! for the 140 keV v rays. 
Henson used 0-58 R.cm*,mCi Lh- for the y rays and 0-18 
R.cm?.mCi Lh! for the 18-20 keV X rays (these values 
were also used in the present calculations). 

2. A build-up function for scattered radiation using 
coefficients relating to a point source in an infinite water me- 
dium was incorporated by Henson in his calculation. It was 
noted that this would overestimate results for small syringes, 
but was justified by the aim of the paper in making estimates 
of skin doses for protection purposes. The build-up function 
resulted in about a 20 per cent increase in calculated ex- 
posure rates; it was excluded from the calculations. re- 
ported here, 

3, Results in Henson's paper were rounded to the nearest 
5 mR.mCi-.min^!, thus exaggerating in some cases the 
differences between the two authors. Also, Husák's original 
work was with glass syringes with different dimensions, 
particularly wall thickness, from the plastic ones used by 
Henson. 

+ Yours, etc., 
P. W. Henson, 





Department of 7 Aedical Physics, 
Royal Perth Hospital, 


Perth, Western Australia. 





V. HuSAkK, 
Department of Nuclear Medicine, 
University Hospital, Palacky University, 
Olomouc, 
Czechoslovakia. 
J. Tnaousn. 
Institute for Research, 
Production and Application of Radioisotopes, 
National Personnel Dosimetry Laboratory, 
Prague, Czechoslovakia. 
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“THE Eprror—~-Sir, 

Rapiation Dost MEASUREMENTS TO THE EYES DURING 

CEREBRAL ANGIOGRAPHY 

Recent interest in radiation dose to the cornea during 
neuroradiological investigations (Isherwood et al., 1975) 
prompted us to test our own figures during cerebral angio- 
graphy. Thermoluminescent dosemeters (TLD) appropri- 
ately marked right and left were placed over the eyes of 
patients undergoing cerebral angiography. Our equipment 
consists of 24 «30 cm Puck film-changers with Siemens 
Special Super High Speed screens and a Siemens Tridoros 
55 generator. 'l'wo X-ray tubes are in use: a Siemens high 
speed Bi 150/12/101R with 0-3 mm and 1:3 mm foci and a 
Rurek collimator for conventional angiography, and a 
Siemens Bi 125/4/7/50 RG with 0-1, 0-2, 1-0 mm foci and 
multi-leaf collimator for magnification angiography and 
screening. Kodak RPL film is used. 

Conventional angiography only was used in Cases 1, 2 
and 3; direct serial magnification angiography in Cases 4, 
5 and 6 and a combination of conventional and magnifica- 
tion angiography in Cases 7 and 8, The results are pre- 
sented in the accompanving table. The antero-posterior 
position (AP 12° |) in carotid angiography 1s taken with 
the X-ray tube angled 12 deg. towards the feet from the 
radiographic base line. In the vertebral angiogram, the 
antero-posterior position (AP) is taken with the chin raised, 
the radiographic base line at an angle of 35 deg. from the 
vertical and centred, with a straight tube, to the nasion, te. 
directly through the orbits. The right eye was nearer to the 
X-ray tube during all lateral exposures. In the lateral posi- 
tion for conventional angiography the focus/object distance 
refers to the distance from the focus to the median-sagittal 
plane, and in the antero-posterior position the distance 
from the focus to the coronal plane between the auditory 
meatuses. In magnification views the focus/object distance 
refers to the distance from the focus to that approximate 
area in the cranium under examination. 

'T he results seemed to indicate: 

(1) that the dose to the eye is chiefly dependent upon the 
number of T'owne's and antero-posterior views; 

(2) that in magnification angiography the region of interest 
strongly affects the radiation dose and it may be possible 
to minimize it at least on one side (Case 4) by coning 
down to the area of interest. 

'There are clearly strong grounds for using lead eye 
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one may always be worn for the “AP 12°” view. 
Yours, etc., 
C. CHRISTINE SMITH, 
H. S. WiLLIAMS, 
G. Du Bourav. 
'The National Hospital, 
Queen Square, 
London WC1N 3BG. 
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| Exposure Number| Focus/ | Degree | Dose received 
object of rad 
Case Vessel films in | distance | magnifi- 
number | injected Position mA kV cm cation |Righteye| Left eve 
1 Left carotid Lateral 400 58 0-1 90 Nil 
artery A-P 12°, 400 63 0-12 90 Nil 
Lateral neck 400 58 0-1 90 Nil 
| A-P neck 400 60 0-1 90 Nil 
Lateral neck 400 62 0-1 90 Nil 3-61 
2 Right carotid | Lateral neck 400 60 0-1 90 Nil 
artery Lateral 400 60 0-1 90 Nil 
(with cross A-P 12° | 400 63 0-12 90 Ni ` 
compression) | A-P 12°, 400 63 0:12 90 Nil 8.74 
3 Left carotid Lateral neck 400 58 0-1 90 Nil 
artery Lateral 400 359 0-1 1 90 Nil 
A-P neck 400 56 0-1 90 Nil 
A-P 12° | 400 64 0-12 1 90 Nil 4-73 
+ Left carotid Lateral 100 77 0-32 50 1:2 
artery Oblique 100 85 0-32 50 12 
| A-P 12°] 100 85 0-32 50 1:2 0-466] 574 
5 Vertebral Lateral 100 70 0-32 50 12 
artery ‘Townes 100 80 0-32 50 1:2 
A-P 100 80 0-32 50 1:2 
Lateral 100 80 0-32 50 1 311 
(auto tomos) 
6 Vertebral Lateral 100 70 50 1:2 ° 
artery ‘Townes 100 85 50 1:2 
A-P 100 80 50 1:2 
Lateral 100 70 50 12 
Lateral 100 73 50 1:2 | 
Lateral 100 73 50 1:2 | 3:2 
7 | Rightearotid | Lateralneck | 400 58 0-1 90 Nil | 
artery A-P neck 400 62 0-1 90 Nil 
Lateral 400 63 0-1 90 Nil | 
| A-P neck 400 62 0-1 90 Nil | 
Lateral neck 400 58 0-1 90 Ni | 
| Lateral 125 78 0-32 50 1:3 | 0-44 
8 [Bilateral | Lateral 400 62 | 04 90 Nil 
carotid Lateral neck 400 60 0-1 | 90 Nil | 
arteries Lateral 400 64 0:1 90 Nil | 
A-P neck 400 60 0-1 90 Nil | 
A-P 12^ i 400 67 0-12 90 Nil i 
| A-P oblique 125 76 0-32 50 1:32 | 
Lat. oblique 125 65 0-32 50 1 
Lat. oblique 125 65 0-32 50 1:2 | 
Laternal neck 400 60 0-1 90 Nil 
Lateral 400 64 0-1 90 Nil 
A-P neck 400 60 0-1 90) Nil 
A-P 12° i 400 67 0:12 90 Nil 15-2 11-3 
| 
shields of suitable design whenever possible. Fortunately REFERENCES 
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"Tug Enrror-—-Sik, 
Tus 2,500 Rer ENVELOPE 

The results of treatment in cancer of the cervix vary 
widely around the world. Many reasons have been sugges- 
ted to explain the discrepancies, including errors in staging 
and “personalization” of treatment. 

LU nfortunatelv, it has not been possible to make useful 
comparisons between different centres. This has been 
partiy due to inadequate methods of describing dosimetry 
patterns in the pelvis. Prescribed doses are often close to the 
limits of tolerance. Enormous doses are delivered to the 
tissues hext to the intracavitary applicator, but, due to the 
inverse square law, these doses fall off extremely rapidly 
over small distances. 'T'hus it has been difficult to agree on a 
poit which is clinically meaningful for prescription pur- 
poses, 

‘he confusion is seen in several treatment situations. 
For instance, in endometrial carcinoma, some centres quote 
the uterine dose in milligram-hours, but the vaginal dose 
m rad. Where interstitial therapy is added, dosimetry by 
this means becomes very difficult if not impossible, even 
where sophisticated computer techniques are available. In 
describing a clinical example of such a case, the current 
edition of a well-known textbook (Fletcher, 1973) simply 
states “No attempt was made to calculate the implant" 

The problem is further complicated by the difficulty of 
combining radium dosimetry and external dosimetry 
(Joshin et al, 1972). It is sometimes felt that a radium rad 
18 physically different from a megavoltage rad, and that 
adding the two units together is like adding ' ‘apples and 
pears”. This may not be the case. The apparent clinical 
differences in dose tolerance are probably mostly due to the 
differenf volumes of tissue irradiated. A less important 
Tractor is the continuous low dose-rate effect of radium com- 
pared with intermittent fractionated external therapy. 

Thus in the treatment of pelvic cancer, the delicate 
balance between morbidity and mortality depends as much 
on the volume of tissue irradiated as on the dose at a fixed 





point, I have recently analysed this factor and noted that if 


the treatment volume is decreased by 50 per cent, the 
tolerated dosage can be increased by 25 per cent in the 
pelvis (Lowry, 1973). Bolande (1971) suggested incorporat- 
ing this factor and proposed quoting the volume de 
by an envelope whose surface dose is about that of 4 
point A, namely 7,000 rad. 

In the final analysis, when we come to compare pelvic 
dosimetry in different ‘centres, we will also need to know 
the fractionation used, The Manchester, Stockholm, Paris, 
Houston and other techniques all use different quantities 
of radium in different combinations with external therapy. 
it is now possible to compare these different fractionation 
schedules using the Ellis formula and ret system of dosi- 
metry (Ellis, 1971}. This concept can be extended to in- 
clude intracavitary irradiation using an iso-effect link be- 
tween continuous radium dosimetry and discontinuous 
external beam therapy. Applying this method, the nominal 
standard dose {NSD} at point A 1s about 2,500 rets (George, 
1971). 

We now have an opportunity after many years of combin- 
ing all the above concepts on the computer and, at the same 
time, incorporating current concepts in radiation therapy 
and radiobiology. In most cases of malignant disease, a 
dose of 2,500 rets is lethal. It is therefore recommended that 
the volume of tissue enclosed in the 2,500-ret envelope 
should be quoted. Tissue within this envelope would re- 
ceive a supralethal dose. Tissue outside would have the 
potential for sublethal recovery. The envelope itself would 
still be a "flat pear” whose 'waistline" would lie somewhere 
near point A. Calculations suggest that the volume of this 
envelope vames between 100 cm? and 200 cm?. The exact 
volume can be determined on the computer by integrating 
slices of tissue across a fixed plane. 

The shape of the envelope will varv in different treatment 
situations. Bur the outline can be determined on the 


computer and the data displayed in the form of a computer 
print-out, It is then possible to sketch in the position of 
the tumour, bladder and rectum. Several examples of 
different treatment situations have been worked out in the 
United States and detailed results will be presented shortly. 

Lastly it is noted that the 2,500 ret envelope incorporates 
time and is essentially a four-dimensional concept. 

Yours, etc., 
W. S. Lowry. 

Department of Cancer Studies, 
"The Queen's University of Belfast. 
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THe Eprrong— Sin, 

RENAL OPACIFICATION-~MISLEADING | ILLUSTRATION 

In the most recently published volume of Recent Advan- 
ces in Radiology (1975), Dr. T. Sherwood discusses the role 
of volume change in renal opacification. Based on his own 
illustrated experiments, he concludes that an increase in 
the amount of contrast medium alone, without a change in 
concentration, will not readily lead to a discernible radio- 
graphic density effect. We believe. that changes in the 
amount of contrast medium play an important role in renal 
opacification under all the many urographic situations 
(Dure-Smith et al, 1971; Dure-Smith et al., 1974; Dure- 
Smith et al., 1972; Dure-Smith, 1975; Dure-Smith et 
al., unpublished), but particularly in obstructive uropathy 
(Dure-Smith et al., 1972). On review of all the material, this 
difference of opinion seems to be more apparent than real, 
particularly as we have now had the privilege of seeing the 
original radiographs of Dr. Sherwood’s experiments, 
and they bear little resemblance to the published illustra- 
tions. In fact these experiments confirm rather than conflict 
with our view. However, it is a pity that they are presented 
in this way in such a distinguished text-book since thev 
appear to contravene several basic physical concepts and 
this may be misleading to those not conversant with the 
principles of X-ray imagery or the minutiae of this parti- 
cular subject. 

The experiments consist of radiographing four balloons 
filled with increasing volumes (2:5, 5, 10 and 20 ml.) of con- 
trast medium containing 1 5mg/ml. of iodine in a water-bath 
7-2 cm deep. A repeat experiment used a concentration 
of 150 mg/ml. of iodine. 

The radiographs as published show no detectable dif- 
ference between any of the balloons. This would imply that 
not only dces volume change make no difference, but 
neither does a change in concentration from 15 to 150 mg/ 
ml. of iodine (virtually the whole range occurring during 
urographv). The original radiographs do show the expected 
difference between the two concentrations for all volumes. 

The original radiographs do not, however, show a signi- 
ficant change in density with increasing volume. Nor is 
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there a greater opacity in the centre of the balloon com- 
pared with the periphery. We have shown both these chan- 
ges when we repeated these experiments using the same 
volumes and nominal radiographic factors but changing 
the concentrations. This we believe is the crux of the 
matter—that there is an optimal range of concentrations 
for any given depth of contrast medium (Dure-Smith 
et al., 1974; Dure-Smith et al., unpublished). The two con- 
centrations (15 and 150 mg/ml. iodine) chosen bv Dr. 
Sherwood happen to fall outside this optimal range. Even 
within the optimal range changes in film density are small 
and depend not only on radiographic factors, but also on the 
characteristics of the film and processing. 1f the image of the 
smallest volume or depth appears white, increasing either 
depth or concentration will produce no discernible effect. 
Sherwood's illustration using 150 mg/ml. is correct in this 
respect, but the illustration using 15 mg/ml., apparently 
also showing no effect, is incorrect as his original radio- 
graph shows, in that the balloons were only just opaque and 
not white. In this low film-density range a change of con- 
centration X 2-4 or depth (2:5-20 ml. sphere) we would ex- 
pect to produce a virtually undetectable change in density. 
We have previously pointed out (Dure-Smith, 1974) that 
this has a practical application in patients with renal impair- 
ment who can achieve only low concentrations of contrast 
medium in their urine; they are doubly disadvantaged in 
that they need much larger changes in both depth and con- 
centration of contrast medium to produce a detectable 
improvement in opacification. 

This subject has also been confused by the semantics of 
biological shapes; whether the nephrons or calyces present 
spheres, ovoids or cylinders to the X-ray beam and the 
effects which such shapes have on the depth/volume ratio. 
However, it matters little what the exact shape is providing, 
as we believe, it is capable of a significant change in depth. 
We abandoned our biological shaped model because there 
is so little control over the shape it assumes (and hence 
depth of contrast medium). Further, the smallest volume 
(2:5 ml.) chosen by Dr. Sherwood must surely represent a 
rather hydronephrotic calyx, and its relevance to the normal 
calyx must be limited in view of the critical depth/concen- 
tration relationship. 

We feel the discussion has moved on since this chapter in 
Recent. Advances was written and the question is not now 
whether or not there are significant depth changes but what 
contribution they make to renal opacification for any 
particular concentration of contrast medium, 

We are very grateful to Dr. T. Sherwood for allowing us 
to see one of his original radiographs. We would also like 
to thank Dr. P. Winstanley, Principal Pharmacist to the 
Radcliffe Infirmary, for dispensing the correct concentra- 
tions of the contrast medium, and to Miss Wendv Hills, 
D.S.R., for radiographic assistance. 

Yours, etc., 

P. DURE-SMITH, 
Department of Radiology, 
Thomas Jefferson University Hospital, 
Philadelphia 19107, U.S.A. 
(Visiting Fellow, Wolfson College 1974-75.) 

G. M. ARDRAN. 
Nuffield Institute for Medical Research, 
University of Oxford, 43 Woodstock Road, 
Oxford OX3 6HF. 
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THE EDITOR—SIR, | 
Must RADIOLOGISTS DO ALL THE REPORTING? 

Your Editorial in July asks if radiologists must do all the 
reporting, and you publish a letter from Dr. Emrys-Roberts. 

With an increased work-load and a shortage of radiolo- 
gists, the ideal of reporting on all X-ray examinations is one 
few of us can accomplish. Indeed, it is foolish to try. It re- 
sults in reporting at too fast a rate, leading to an increase 
in errors and distortion of the work pattern as too little 
time is available for lengthy specialized procedures. 
Today, many films have to pass through X-ray departments 
unreported, the type of case varying from hospital to hos- 
pital and with the working agreements of the clinicians 
concerned. 

We must accept the fact that the ideal of radiologists 
seeing all films cannot be achieved with the present work- 
load. ‘The answer lies in compromise and probably some com- 
bination of the following: m 

1. The curtailment of the number of investigations de® 
pending on the diagnostic yield in a given clinical situation 
(several papers on this have been published), and the 
limitation of investigations so they provide only the answers 
to the questions posed by the clinicians. 

2. Getting help from other doctors. This will mean two 
levels of skill, but this applies to most branches of medicine. 
A radiologist should be available to help with problems.” 

Off-loading work to community hospitals is a further step 
which is less secure. The diagnostic yield from examinations 
undertaken in departments outside the supervisory umbrella 
of a radiologist will be less and the radiation to the patient 
probably more. The small department will not be used to 
capacity, giving a greater cost per examination. 

3. Assistance under (2) is likely to be limited, but I 
believe radiographers could help. With non-contrast stud- 
ies, suitable radiographers should be able to place films in 
three categories, "normal", “probably normal" and “ab- 
normal”. (1 include “probably normal" to avoid the prob- 
lem of the borderline cases and radiographers exceeding 
their knowledge to avoid having to put ‘‘normal’’ cases 
in the "abnormal" category.) The radiographers would is- 
sue a "normal" report, signing it themselves. I know this is 
against the Articles of The Society of Radiographers and 
has medico-legal implications. 

With follow-up cases, radiographers should be able to 
place examinations in three categories, "better", "the same" 
or "worse" with a view to reporting on those improving 
and long-term static cases, 

Even more controversial, but with some advantages, 
radiographers may prove able to report on some or all 
casualty patients. 

These ideas must cause conscientious radiologists con- 
cern but some compromise must be reached if radiology is 
to plav its proper part within the present financial limits 
and shortage of radiologists, 

Yours, etc., 
K. R.A ABERDOUR. 
270, Springfield Road, ° 
Chelmsford, 
Essex CM2 6AS. 
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"Tre Eptrog-—51B, 
Musr RADIOLOGISTS DO ALL THE REPORTING? 

In reply to your editorial, I believe it is undesirable for 
radiographs to be seen by clinicians or casualty officers 
alone and not by radiclogists. 

However, owing to the poor prospects in consultant work 
in radiology in particular, it seems inevitable that many films 
will not be seen hy radiologists in the future. 

With regard to community or cottage hospitals, I have 
had some experience. Where there was an open department 
and no radiologist present, frequently the radiographer 
would be inundated with requests and patients, often sent 
ap by ambulance without an appointment. Furthermore, 
the radiographer was regularly asked for her opinion on a 
ğina highly unsatisfactory procedure. 

if X-ray facilities are established in community or cot- 
tage hospitals and the radiologist is unable to report on 
films because of pressure of work, two points should be 
noted: first, no radiographer should be expected to give an 
opinion since this is an unfair responsibility and secondly, 
the radiologist should take no responsibility for the depart- 
pent in any way whatsoever. 

Yours, etc., 
| G. A. MEDHURST. 
Consultant Radiologist, 
Kettering and Distriet General Hospital, 
Rothwell Road, Kettering, 
Northamptonshire NN16 8UZ. 


‘Tur Epgrog——^1R, 
# — Musr Raprovocists Do ALL THe REPORTING? 

Í am writing to you concerning your editorial which has 
recently come to my attention together with the letter 
which appeared in your columns from the Chairman of the 
Association of General Practitioners’ Hospitals in the same 
issue of July, 1975. 

{ think that radiologists should as far as possible view 
wil of the X rays carried out in the hospitals under their 
administration, as | regard the maintenance of radiographic 
standards to be one of the main duties of the radiologist. 
it is obviously not practical nor essential for radiologists 
to report on, for instance, follow-up chest films from a 
chest clinic or dental X rays. 

It has taken a long time for radiology to become accepted 
in this country in the same way that it has in Scandinavia 
and in the United States. It would be a retrograde step for 
radiology to have multiple small X-ray departments in com- 
munity hospitals ence more scattered over the country 
without adequate radiological control to ensure high stand- 


e*t 


ards. I note that in his letter Dr. Emrys-Roberts states that 
in some hospitals he would anticipate X-ray facilities of 
wide capability. I took this to mean that he might envisage 
the use of contrast examinations, particularly urograms 
being carried out without the presence of a radiologist. ‘This 
would also imply the provision of tomography in some 
instances. I regard this particularly to be condemned. 
Despite the objections of the radiologists, however, it is 


quite possible that it is the intention of the D.H.S.5. for 


political purposes to divert capital away from the district 
general hospitals into the community hospitals. Whilst 
consultant radiologists should continue to act in a consul- 
tative capacity it would appear to be dangerous for us to 
assume any administrative obligations to the community 
hospitals in view of the probable poor standards which 
would occur. The reason for my opinion stems from the 
wording of the Code of Practice 2.1.2 which might make the 
consultant radiologists liable for any accidents which 
may occur with the use of radiological equipment if he is 
in administrative charge. 
Yours, etc., 

K. GRAINGER. 
X-ray Department, 
'The Ipswich Hospital, 
Anglesea Road Wing, 
Ipswich, Suffolk IP1 3PY. 


‘THe EptrTOR-— SIR, 
MARKING OF LATERAL CHEST FILMS 

One method of marking films is to imbed permanently 
in the front face of every cassette a small radio-opaque 
marker—-a flattened lead-shot is very convenient, If the 
cassette is held upright, resting on a short side, and the 
marker is placed one-third of the distance down the right- 
hand side, the tube side of every film exposed in such a 
cassette is automatically indicated because the film must be 
held so that the image of the marker appears one-third of the 
way down the long right-hand border. 

'This unobtrusive method has the advantage that it does 
not require the attachment of any additional marker by the 
radiographer. It does, however, require knowledge of the 
patient's position relative to the tube, that is, facing to- 
wards, or away. 

Yours, etc., 
A. P. ALLEN. 
109 Powderham Street, 
New Plymouth, 
New Zealand. 


( Editors! note: 'This correspondence is now closed). 
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Forthcoming events and other notices 


The Editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 

the “Forthcoming events and other notices" section will in future only carry notices of general interest and : 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meetings announcements in the B/R BULLETIN which is 


distributed quarterly to all members. 


COMPUTERS IN RADIOTHERAPY IN EUROPE 


Lo It is proposed to hold a Workshop at IAEA, Vienna, on 


July 5-10, 1976, organized by the Groupe Informatique, 
A.E.R. with the support of the European Association of 
Radiology. The aim will be to establish the contribution 
that the computer makes at the clinical level in the fields of 
dose computation, clinical records, radiobiology. etc., and 
to determine future developments. 

Further information from Dr. D. N, Edwards, Clinical 
Research Unit, Mersey Regional Centre for Radiotherapy 
and Oncology, Clatterbridge Hospital, Bebington, Wirral, 
Merseyside L63 4]Y, U.K.; or Dr. T. Moller, Radio- 
terapikliniken, Lasarettet, 5-221 85 Lund, Sweden. 


First MEETING OF THE WORLD FEDERATION 
OF ULTRASOUND IN MEDICINE AND BIOLOGY 

This meeting, to be held August 3-7, 1976 in San 
Francisco is the third world congress on ultrasonics in 
medicine. 

Reduced registration fees are pavable by members of the 
international sub-group of the British Medical Ultrasonics 
Group. 

Further information from: Ist W.F.U.M.B., PO Box 
25606, Oklahoma City, Oklahoma 73125, U.S.A, 

For information above B.M.U.G. contact the General 
Secretary, B. I. R., 32 Welbeck Street, London WIM 7PG. 


A SYMPOSIUM ON HADIOISOTOPES IN CARDIOLOGY 

Jointly organized by The British Institute of Radiology 
and the British Cardiac Society will be held on Wednesday, 
September 29, 1976, at the Greenwood Conference Centre, 
Guy's Hospital. 

A review of the present position will be given by U.K. and 
overseas speakers, A limited time will be allocated to orig- 
inal presentation. for which abstracts in not more than 
200 words should be submitted by June 30. 

Registration fee: 9:50 including lunch, morning coffee 
and afternoon tea, 

Further details and registration forms will be available 
from The Secretary, British Institute of Radiology, 32 
Welbeck Street, London WIM 7PG, 


Attendance may be limited and registrations will be ac- 
cepted in the order they are received. 


RTH CONGRESS OF THE SOCIETY or HUNGARIAN RADIOLOGISTS 
AND 
12TH ANNUAL MEETING OF THE EUROPEAN SOCIETY ror 
RADIATION BIOLOGY 
To be held in Budapest, Hungary, October 19-22, 1976, 
For further information please contact the Congress 
Office (H-1361 Budapest, PO Box 32, Hungary). 


RADIATION PROTECTION: AN EXAMPLE OF ACTION. ÀAGAINST 
MODERN HAZARDS 

The LR.P.A. is organizing its 4th International Congress 
at the Paris Convention Centre from April 24—30, 1977. 

The theme will cover scientific, health and technological 
aspects, protection of workers and protection of the public 
and the environment, 

For further information please contact M, G., Bresson, 
Secrétaire-Général du IVéme Congres International de 
PI.R.P.A., B.P. no. 33, 92260 Fontenay-aux-Rosfts, Frage. 


Hypoxic CELL SENSITIZERS IN RADIOBIOLOGY AND 
RADIOTHERAPY 

The 8th L. H. Gray Conference will be held in St. 
Catherine's College, Cambridge, on September 5-9, 1977, 
and will discuss subjects ranging from basic mechanisms of 
hypoxic cell sensitizers to clinical applications of these 
agents. 

Further information may be obtained from Dr. G. E. 
Adams, C.R.C. Gray Laboratory, Mount Vernon Hospital, 
Northwood, Middlesex HAG 2RN. 


XIV INTERNATIONAL ConGress or RapioLoGy 
To be held in Rio de Janeiro from October 23 to October — 
29, 1977. 
Further information from XIV? Congresso Internacional 
de Radiologia, Patrocínio Colégio Brasileiro de Radiologia, 
Rio de Janeiro, Brasil. 
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Book reviews 


Report of the Task Group on Reference Man. ICRP Pub- 
lication 23. A report prepared by a Task Group of Com- 
mittee 2 of ICRP, W. 5. Snyder (Chairman) M. J. Cook, 
L.R. Karhausen, E. S, Nasset, G. Parry Howells, I. H. 
Tipton, pp. 480, 133 tables, 83 illus, 1975 (Oxford, 
Pergamon Press), £21-50. 

Just 25 years ago, in January 1951, this Journal published 
the current recommendations of the International Commis- 
sion on Radiological Protection, That document of eight 
pages included a four-page supplement on "Maximum 
Permissible Amounts of Radioactive Isotopes” (ten were 
considered) with a two-and-a-half page appendix on 
Standard Man—mass of organs, chemical composition and 
applied physiology. Reference Man is a descendant from 
his puny predecessor, via two more extensive reports in 
1954 and 1959, but it is reassuring to know that he still 
weighs 70 kg, and his thyroid 20 g, although his liver and 
pancreas have enlarged from 1,700 to 1,500 and 70 to 100g 
respectively, and his brain has shrunk from 1,500 to 1,400 g. 

Reference Man is in this report defined as being "between 
20-30 vears of age, weighing 70 kg, is 170 cm in height, 
living in a climate with average temperatures of from 
10° £o 20°C. He is a Caucasian and is a Western European or 
North American in habitat and custom". Although not dis- 
cussed in the introduction the detailed tables make clear 
that he has a reference mate who weighs 58 kg and is 
160 cm high (reassuring in International Women’s Year). 

‘This impressive, extensively researched work contains, 
of course, far more than a simplified catalogue of single 
standardized values for the constituent parts and functions 
of an arbitrary average man, The report is divided into 
three majer sections: L Anatomical values (229 pages), 
PL Gross and elemental content (59 pages), and lll. 
Physiological data (84 pages) for Heference Man, with 
appendices, an extensive index and over 1,600 references 
(al including the titles of papers cited). Sections on the 
anatomical values for individual organs cover, in critical dis- 
cussion, such items as weight, general description, volume, 
specific gravity, volume of blood, tissue growth. The sec- 
tof on elemental content considers 51 elements, generally 
those also dealt with in this report's immediate predecessor, 
the 230-page Report of Committee II on Permissible Dose 
for Internal Radiation, 1959; however, in contrast to the 
1959 report, here the available data are sifted and discussed, 
and where data are scarce, widely varving or non-existent, 
this is pointed out. It is for example noted firstly that 
"published values for the concentration of cobalt in sup- 
posedly normal human tissues vary widely——as much as a 
thousand fold", and secondly, that the source of these 
discrepancies was almost certainly the contribution by 
cobalt from the glass containers used by some investigators. 
Well-planned tables cite, so far as practicable, the chief 
sources of data, the analytical methods used and the 
number of subjects considered. 

These same 51 elements are considered in the third major 
section on physiological data. The authors have evidently 
made an heroic survey of the available literature, sifting 
data from some unlikely sources as well as the studies of 
well-known research workers in the field of radioactive 
tracer studies and activation analysis. "Zinc metabolism of 
young college women on self-selected diets", Trace ele- 
 rüents m humain hair", "*19Po in man'', and so on through 
the 1,600 references. 

An appendix by Walter Snyder oddly titled "Specific 
absorbed fractions of photon energies for Reference Man", 
presents some new calculations of dose for internally 
distributed photon emitters, using Reference Man values 











* 


for organ masses, in place of those adopted in the earlier 
MIRD (1969) report by Snyder and colleagues and, 
also, where appropriate, by integration of build-up factors 
instead of Monte Carlo methods. 

In the introduction, the authors stress that this is a 
"Reference Man for Radiation Protection” or ‘‘for Dosi- 
metry", and the use of reference man data will serve the 
same roles, on a more extended scale, as the earlier Standard 
Man, £e. to help in distinguishing experimental causes of 
differences in dose estimates from those due to essentially 
arbitrary differences in anatomical or physiological assump- 
tions; and generally, to reduce the labour of performing and’ 
reporting such dose calculations, by using this Report as a 
main reference. 

The report is intended primarily for the "Health Phy- 
sicist" making calculations of dose from internally dis- 
tributed radionuclides. With the rich documentation pro- 
vided he will undoubtedly find much more scope here for 
exploration in depth of the consequences of various patterns 
of distribution, although, as stated earlier, in the sum- 
marized simplified values for individual organs there 1s 
often little variation from the previous report. 

As an intellectual exercise the report is undoubtedly 
impressive if, inevitably for its size and scope, expensive. 
Yet one must realize that it still represents only a part, if a 
vital one, of the area of work covered in the full Committee 
Il reports of 1954 and 1959; there are no tabulations simi- 
lar to those provided in the 1959 Committee H Report of 
the kinetics of individual radionuclides, although the detail- 
ed physiological data can form the basis for the preparation 
of such tables. 

The production and layout of the book are of high quality. 
Clearly an essential work for the library of any institution 
concerned with the evaluation of radiation dose. 

N. G. Trorr. 


Radiology of the Skull and Brain. General Angiography- 
Volume II. Edited by T. H. Newton and D. G. Potts 
(Book 1: Technical Aspects; Book 2: Arteries; Book 3: 
Veins; Book V: Specific Disease Processes), pp. 2,786, 1974 
(London, Henry Kimpton), £99-35. 

'This detailed account of cerebral angiography is divided 
into four books, comprising 47 chapters, each contributed by 
a leading neuro-radiologist, expert in the subject being dis- 
cussed. Despite the total of almost 2,000 pages and the 
multiple authors involved, there is very little unnecessary 
repetition and continuity is good. 

Each chapter gives a complete, well written, up-to-date 
account of its subject, frequently with original contributions 
and with a relevant selection of illustrations. including 
many excellent subtracted angiograms. 

The first book discusses and describes in detail the tech- 
niques of modern neuroradiology. The second and third 
are devoted to detailed accounts of the anatomy including 
the embryology of the individual vessels and how they 
are affected by the various pathological processes. Book 4 
deals with the angiographic features of particular disease 
processes giving emphasis to their pathological appearances 
rather than their effects in particular regions. 

The work is beautifully produced and there is a compre- 
hensive index. It is an excellent reference book for all 
neuroscientists and should remain so for the foreseeable : 


future. | 
B. KENDALL. 


Book reviews 

X-ray Equipment for Student Radiographers 

La phlebographie des membres inférieurs et supérieurs 
Complications of Diagnostic Radiology 

Radiopharmaceuticals 

Chemotherapy of urogenital tumours 
_ Cerebral Angiomas. Advances in Diagnostic and Therapy 

Dynamic Studies with Radioisotopes in Medicine 1974 
Radionuclide Studies of the Spleen 
Atlas of the Battered Child Syndrome 

Diagnostic Ultrasound 
. Cell Survival after low Doses of Radiation: Theoretical and Clinical Implications 
Computer Processing of Dynamic Images 
Principles of Diagnostic X-ray Apparatus 

Flash Radiography 

Report of the Task Group on Reference Man. ICRP Publication 23. 
Radiology of the Skull and Brain. General Angiography. Vol. II. 


Note to librarians 





SPECIAL OFFER 


Back issues of the British Journal of Radiology 


Any edition of the B.J.R. up to and including December 1972 which is still 


available. 


50p per copy 


Available stock dates back to 1930 (not all months) 


Complete years: 1936, 1949, 1951, 1953, 1955, 1958, 1966, 1967, 1969, 


1970 and 1971. 
Enquiries: j 
Mrs. L. Surry (Managing Editor) 01-935 6867 


or call at: 
Editorial Office, 2nd Floor, Institute House, 
32 Welbeck Street, London W1 M 7PG 


All Journals subject to availability on receipt of order 
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Radiology Now-—Contrast media for coronary and renal angiography 
, Armstrong 


Conpaissssd tomography and angiography i in subarachnoid haemorrhage. 
3B, E. Kendall, B. C, P. Lee and E. Claveria 


Gas myelography in the investigation of occult spinal dysraphism., 
P. L. Cook 

Xerotomography of pulmonary lesions. 
R, L. Carnovale, 7. E. Martin, T. S. Harle and B.-S. Jing 


Differential diagnosis of chronic splenomegaly by grey-scale ultrasonography: clinical observations and digital 
À-scan analysis. | 
K.J. W. Taylor and Y. Milan 
Repbrt on treatment of cancer of the ovary. 
3. Kuipers 
Gian by computer of dose distributions for superficial gold-198 implants and the derivation of optimized 


distribution rules. 
R. G. Dale 


A quantitative assessment of femoral head activity using Tœ -polyphosphate and a computer data collection system. 


D. X. Dowsett, M. D. Short and T. R. Morley 


"Technical notes. 
A graphic display system for use with a computer-assisted tomographic scanner. 
F. Griver, J. Ambrose and B. F. Perry 
Analysis of regions of interest in EMI scans. 
M. Bergstróm and R. Sundman 
"The treatment of ophthalmic tumours with low-energy sources. 
R. Sealy, P. L. M.le Roux, F. Rapley, E. Hering, D. Shackleton and D. Sevel 


Case report. 
Primary costal echinococcosis with spine involvement. 
A. Monajati, M. Zarrabi and M. Shafi 
F-oceedings of ‘The British Institute of Radiology 
Meroradiography: some new applications (October 16, 1975) 
Radiobiology Work-in-Progress (January 16, 1976) 


Correspondence. 
A roa ag baie system of co-ordinates for radiotherapy apparatus. 
« Electron onan AR of telecobalt beams. " 
C. W. Smith and W., H. Sutherland 
Gamma-ray scatter in a telecobalt beam. 
C. A. Jayachandran 
Application of the Weibull distribution. 
P. R. Y. Burch 
Acceptable radiation treatment schedules to the kidney. 
F, Ellis 
NSD and experimental work with pigs. 
F, Ellis 
Human lymphocyte tr eg ene by phytohaemagglutinin after in vitro and in vivo irradiation. 
. Moore and Judith Braeman 
ti noxic radiosensitizers and cellular respiration. 
R. E. Durand, Y. E. Biaglow and R. M. Sutherland 
WI y fume-cupboards necessary in hospital radioisotope laboratories? 
^ LIP RS 
Radiation exposure rates on syringe surfaces from 99T'c™. 
P. W. Henson, V. Hufdk and Y. Trousil 
Radiation dose measurements to the eyes during cerebral angiography. 
C, Christine Smith, H. S. Williams and G. du Boulay 
The 2,500 Ret Envelope. 
W. S. Lo tory 
Renal opacification-misleading illustration. 
P. Dure-Smith and G. M. Ardran 
Must radiologists do all the reporting? 
K. R, Aberdour 
Must radiolo, i id do all thereporting? 
G, A. Medhurs 
Must fadisiodiue do all the reporting? 


K. Grainger 
Marking oiMateral chest films. 
A. P. Allen * 
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